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If it is necessary to reproduce an illustration which has appeared elsewhere, full information should be 
given as to the previous publication, with a statement as to whether or not permission has been obtained to 
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Original Articles 
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THE ELECTRIC 


Patent Pending 


BONE DRILL AND SCREWDRIVER 
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@ DRIVING AND REMOVING BONE SCREWS 


@ DRIVING AND REMOVING HIP SCREWS 


@ INSERTING STEINMAN PINS 
AND THREADED PINS 


INSERTING KIRSCHNER WIRES 
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@ TROCHANTER REAMING 


@ ACETABULUM REAMING 
(FOR PROSTHESIS) 


@ CRANIAL BURRING 
@ ROTARY SAWING 


ty THE RICHARDS ELECTRIC BONE DRILL 1s a well-balanced, pow- 


erful, yet light weight precision instrument designed to reduce the labor 
and time element for the surgeon. Various possible uses are illustrated. 
Easily sterilized by autoclaving. It may be used either with or without 
the right angle head. The drill motor without the right angle head de- 
velops a maximum speed of 1100 RPM with an approximate power rat- 
ing of % HP. The drili motor unit is complete with 44” chuck. The right 
angle head is cannulated so that threaded pins or wires can extend through 
\ it. A chuck at either end provides both clockwise and counter-clockwise 

rotation. Powerful gears reduce the speed to 550 RPM maximum in the 
right angle head, the correct speed for drilling bone. Nearly % horse- 


\ power is developed here even at the lowest speeds. THE RICHARDS 
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Screw Driving and Removing 


BONE DRILL is unconditionally guaranteed for one year against defects 
in workmanship and material. 
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FOR DETAILED INFORMATION, WRITE: 


inserting Steinman Pins RIGHARDS MANUFACTURING CO. 


d Kirschner Wi 
and Kirschner Wires 756 MADISON AVE. MEMPHIS TENN. 
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No. 414 PAIR $10.00 
These “BENDING IRONS” are made of Heat Treated ALUMINUM ALLOY and are designed for 
Bending and Forming Bone Plates They will not mark, mar or scar 
Bending and Forming Moore or Blount Plates bone plates, nails, pins or any 

Bending and Forming Jewett Nails other object 


Bending and Forming Intramedullary Nails 


CAMPBELL-BOYD PNEUMATIC TOURNIQUET JEWETT NAIL — Stainiess smo 
One-Piece Forged 


Nail Lengths; 2%", 3”, 3%", 32", 3%", 4", 4%" 
4", 5". 

Plate Lengths: 3”, 5”, 6”. 


No. 310 ¢ Large size for leg; gauge and pump. $35.00 
No. 311 © Medium size for arm; gauge and pump 35.00 
No. 311C © Small size for small arm; gauge and 


Write for 
Our Complete Catalog of 
Orthopaedic Instruments 


RICHARDS MANUFACTURING COMPANY 


756-8 Madison Avenue ° Phone 8-2566 ° Memphis 7, Tennessee 
THE COMPLETE ORTHOPAEDIC SUPPLY DEPOT 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 
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The Richards DIAMOND Intramedullary Nails 


18-12 smo Stainless (type 316) 


For 


TIBIA 
HUMERUS No Rotation 


Fractures of Of 
Fragments 


TIBIA Lower Third of Femur Complete Set $54.00 


SET +1 set consists of 9 
No. 204 8". 8y,", 101/,", 1 1%", 1214", 14" 
Diameters: 4mm x 6mm Each Pin $ 6.00 


HUMERUS (Same as set +1 except 2 diameters) Complete Set $54.00 


SET +2 Each set consists of 9 ) Lengths 4" 124 Y 
No. 205 8", 84," 10!/,' 4s 12 ‘/ 14" 


RADIUS & (Neck of Humerus, condyles of Tibia, 
ULNA Humerus and Femur) Complete Set $52.00 


SET #3 of 13 Ty", 8", " 10" 
2+ 2: 
Ne. 206 Diameters: of he 5mm, 2mm x 3mm Pin $ 4.00 


Phalanges Clavicle, Jaw, Metacarpals, Condyles. Complete Set $26.00 


SET #4 set consists of 13 
No. 207 2", 2%", aA". 3", 3/4", 31/2", 394", 4 
he 2mm x 3mm Pin $ 2.00 


FEMUR (For inserting below trochanter) Complete Set $67.50 
Diameter: ume = * Bach Pin $ 7.50 


Every Orthopedist and General Surgeon has found to his own satisfaction that a 

diamond shaped pin will not permit fragmental rotation as the round pins cannot 
event. Therefore, here is what you have been wanting for a long time. They have 

~ proven over the years since World War Il. 

Check with yourself all the above advantages in each phase of your fracture work. 


Without doubt you will start using these as soon as possible, to your own and your 
patients’ complete satisfaction. 


Manufactured Exclusively By 


RICHARDS MANUFACTURING COMPANY 


The Complete Orthopedic Supply House 


756 MADISON AVE. PHONE 8-2566 


MEMPHIS 7, TENN. 


COPYRIGHT 1753—ALL RIGHTS RESERVED—RICHARDS MANUFACTURING COMPANY 
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Note these outstanding features 


of the design and 
2 construction of = @ The broad toe, broad heel base and ball 
Selby Sunior Arch tread. @ The slim back for snug quarter fitting 
Preserrer Shoes 4 and snug fitting of the arch. @ The %” wedge 


at inner border tapering to a feather edge at 


the outer border. @} The sturdy base on which 


of Selby Junior Arch Preserver Shoes: 


additional inlays can be added when indicated 


by the doctor. @ The soft, smooth, supple 
kidskin linings. @ The upper leathers of highest 


quality—light, strong, flexible, long-wearing. 


@ The insoles made of extra heavy weight 


leathers to eliminate ridges and curling. 


© The oak bend outsole, Viscolized 


— 


for resistance to moisture and longer 


wear. © The back seams dog-ear 


are smart and stylish 


in appearance. 


The only genuine Arch 
Preserver Shoes for children 


@ If Selby Junior Arch Preservers are not avail- 
able in your city, please write directly to us. 


The Selby 


ARCH PRESERVER 
Shoe SHOES 


MORE THAN THREE QUARTERS OF A CENTURY OF FINE SHOEMAKING 
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De Puy Drill 
for 
Small Bones 


Especially for hand 
surgery and other 
smal bones. 
Weighs under one 
pense. Canulated 
ull length for 
3/32” wires. 


Economy Bone Screw Rack 


A screw rack designed to be easily 
portable, moderate in price. Slots with 
the size clearly marked holds 14 
dozen screws from %" to 2” long. 
The hinged top closes the unit so 
that screws cannot fall out. The lock 
which holds the covers also serves as 
a handle. Stainless steel, entire unit 
can be sterilized. 


De Puy DIAMOND 
intramedullary Pins 


Diamond shaped to prohibit rotation of 
fragments. 1” to 14” long, 4x 6 mm., 
3 x 5 mm. and 2 x 3 mm. diameter. In 
three sets for humerus and tibia, radius 
and ulna, small bones. 


PLATE Bending Wrench 


A special wrench for bending even 
heavy gauge intertrochanteric plates. 
Bend to any angle without distorting 
fixation hole. Makes it easy to pre- 
cisely change angle of all plates. 


WRITE FOR COMPLETE DESCRIPTION and PRICES 


MANUFACTURING CO., INC. 


WARSAW, INDIANA ee 
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q ACG outmodes 


ordinary plaster 


4 A D AG F makes stronger, lighter, 


water-resistant casts 


at last a water-resistant cast! Yer it’s stronger than ordi- 
nary plaster! New casts of Metmac® resin plaster of 
Paris BanpAGE can be washed—resist urine and wound 


exudate —are porous to water vapor. Are little affected by 


humidity or body moisture. Do not become soft, weak and 
soggy in humid weather as do ordinary plaster casts. 


lighter, less fatiguing shoulder spica of Mrimac 
Banpace. Encourages prescribed exercise. Shortens hos- 
pital stay. Makes care easier. Bandage for bandage, 
Metmac Banpace has 2 to 4 times the strength of ordinary 
plaster—is self-mending in the early molding stage. Fashion 


these better plastic casts with fewer bandages. 


Easy to apply and remove. |. Just dip Metmac 
BanpacE into tepid water for 5 to 10 sec- 
onds. Squeeze out excess water thoroughly. 


Apply. 2. Use about half the usual number of 
rolls (or less). 3. Dispose of waste the sameas MJavie « Gieck 


with ordinary plaster. There is less mess. 4. ® 
Remove the thin cast easily with cast cutter, 
knife or cast saw. Send for sample. 


Sensitivity: Since this product may contain traces resin plaster of Paris 
of formaldehyde, persons who are known to be 


sensitive to it should be observed closely for 


dermatitis. Operators using the bandage re 
peatedly should wear rubber gloves if skin sen. Davis & Geck. Inc., a unit of American Cyanamid 
sitivity exists. Company, Danbury, Connecticut. 

Patent Applied For Sutures and other surgical specialties 
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Upjohn 


absorbable 


hemostat: 


Available in a large variety of 
sizes and forms, including: 
Surgical sponges 


Compressed surgical sponges 


(,elfoam = 


Nasal packs Trademark Reg. U.S. Pat. Off BRAND OF ABSORBABLE GELATIN SPONGE 
Prostatectomy cones 


Tumor diagnosis kit 


The Upjoho Company, Kalamazoo, Michigan 
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FAST-SETTING 


HARD-COATED 


STRONGER 
LIGHTER. 


URINE RESISTANT 


gas 
TES 
BANDAGE. 
é 


better patient cooperation 
with “Triliene’ inhalation analgesia 


Under proper medical supervision, ‘Trilene’’ may be self administered by the patient, adult 
or child, with relatively wide margin of safety.'? IN OBSTETRICS, rélief of pein has been 
found highly satisfactory when ‘‘Trilene’’ was employed with a suitable inhaler either alone 
during labor, or in association with pudendal block or low spinal anesthesia for delivery.?” 
IN MINOR SURGERY, “‘Trilene”’ analgesia has also been successfully employed for relief of 
pain during the treatment and management of burns, suturing of lacerations, removal of 
painful dressings, cystoscopies, biopsies, and orthopedic manipulations.'? 


Brand of trichloroethylene U.S.P, (Blue) 


With “Trilene,” self administered with a suitable inhaler, induction of analgesia is usually 
smooth and rapid with minimum or no loss of consciousness. If unconsciousness occurs, 
inhalation is automatically interrupted, Nausea and vomiting seldom occur. “Trilene” is 
recommended for analgesia only, not for anesthesia nor for the induction of anesthesia. 
Epinephrine is contraindicated when “Trilene” is employed. “Trilene” is nonexplosive. 


“Trilene” is supplied in 300 ce. containers, 15 cc. tubes, and 6 cc. ampuls, 


Literature available on request. 


1. Brown, S., and Fehlman, B. F.: Missouri Med. 50:609 ( Aug.) 1953. 
2. Stephen, C. R., Nowill, W. K., and Martin, R.: Anesthesiology 13:646 ( Nov.) 1952. 
8. Flowers, C, E., Jr.: Am, J. Obst. & Gynec. 65:1027 (May) 1953. 


New York, N. Y. * Montreal, Canada 
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Sklar Multiple Action 


This new, streamlined Bone Pin Cutter 
adequately serves the needs 
of modern bone fixation —cuts all 


standard pins, nails or wire with 


unusual ease, safety and efficiency. 
Shaped for easy insertion and 


CAT. No. 250-145 
manipulation in open wounds — 


chrome-plated to resist corrosion -- 
this Sklar instrument is 15” in length, 
and of long-handled construction 


Sklar Specialties in 
Stoinless Steel Developed 1 
for the Orthopedic Surgeon 1 
Colclough Laminectomy Rongeur : for extra-strong leverage. 


Hibbs Chisels, Gouges 4 
Priced at $18 each. Available 
through surgical supply houses. 


Meyerding Aluminum Mallet 
Improved Mode 
Meyerding Bone Skids 
Meyerding Chisels, 
Facet Eroders, 
Gouges and Osteotomes 
Meyerding Finger Retractors 
Meyerding Hip and Shoulder 
Bone Skid 
Meyerding Laminectomy 
Retractor 
Meyerding Self Retaining 
Retractors, True-Grip 
Ratchets 
Michele Trephines 

Putti Arthroplastic Gouges 

Sheldon Hemilaminect 

Je SKLAR MANUFACTURING COMPANY 


Retractor 


Literature upon request. 38-04 Woodside Avenue, Long Island City 4, N. Y. 


CAUTION -— if the name Sklar 
is not stamped on 

the instrument it is not a 
genuine Sklar product. 
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Denis Browne Splints 
by 


These splints have been made 
according to the design and measure- 


ments supplied by Mr. Denis Browne, 4 Ma 
F. R. C. S. England, Surgeon to the 
hospital for Sick Children, Great 
Ormond St., London. For details of + 


diagnosis, prognosis and treatment, we | Talipes Hobble 

refer the surgeon to Mr. Denis Browne's 4 Splint 

chapter in Maingot’s “Techniques in No. 577A, large, 614" bar, 5” foot plate. 
British Surgery,’ published by No. 577B, medium, 514” bar, 4” foot plate. 
W. D. Sanders Co., Philadelphia, 1950 No. 577C, small, 414” bar, 3” foot plate. 


fey 


First Staue Final Stage 


Valgus Talipes Splint 


No. 578A, large, right or left, 5” foot plate 

No. 578B, medium, right or left, 4” foot plate 

No. 578C, smail, right or left, 3” foot plate 

(in ordering, please specify whether right 
or left is required.) 


Infant 
Scoliosis 
Splint Congenital-Dislocatlon-of-Hip 


No 698 Splint 
This light, aluminum frame No. 780A, large, adjustable frame, 1315” to 
holds the child with the spine 16!,” (outside measurements). 
in the reverse curve from the No. 780B, medium, adjustable frame, 1134” 
one with which it was born, to 1314”. 
but otherwise allows free No. 780C, small, adjustable frame, 914” 
movement. It has these ad to 114”. 
vantages over the usual plas Splint applied posteriorly with dotted 
ter of paris bed or shell lines showing range of movement permitted. 


ZIMMER MANUFACTURING CO. WARSAW, IND. 


In Canada Available through selected surgical supply dealers 
or through our Agents, Fisher & Burpe, Ltd. 


Look for the trademark ® 
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Zimmer presents the ROBBINS 
Regulated TOURNIQUET eee 


No. 975 


$100.00 


as shown 


Operating 
Room Model 


removed or changed. No need constantly to watch 
accurate dial 

Safe Freon used is non-toxic and non-inflammable 
Slow release 1s assured to minimize shock from too 


Automatic quick inflation of cuff 


The pressure is governed by the control knob to 
desired setting on the dial and is absolutely main 
tained constant until changed by turning the control 


knob or released by pushing the ON-OFF valve sudden drop in blood pressure 
For the first time the pressure may be varied at will Available for children 
Curing surgery Special children’s cuffs which are available, plus the jim 


complete control of pressure, make this tournquet Him 
of great value in pediatrics an 


Reliable in maintaining set pressure. No danger 
of loss of pressure, even if Freon container 1s 


Robbins Blood Pressure Unit 


An entirely new type of cuff, a new gauge and 
a new method of finger-tip bulb control com- 
bine to speed and simplify the taking of blood 
pressure by you, by your assistant and even 
by your patient 


as shown 


Field Unit 
1 Convenient cloth carrying pouch with instruction tag 


2 Inflatable cuff, 3” wide, covered with dirt-resistant, 
easily cleaned, woven fabric 


3 Cloth strap, 23” long, for wrapping cuff and itself 


aroung limb 
4 Metal fastener with three teeth to hold strap in No. 977 
position under pressure. $45 00 
5 Metal fastener of strap to cuff. 8 Off-On button. pa prea. 


6 Pressure release valve. 9 Cartridge container. 


7 Body of instrument containing regulator mechanism. 10 Standard CO, gas cartridge. 


ZIMMER MANUFACTURING CO. WARSAW, IND. 


In Canada Available through selected surgical supply dealers 
or through our Agents, Fisher & Burpe, Ltd 
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READY-MADE 


Vitallium 


HIP PROSTHESES 


SIX DESIGNS @ CLINICALLY PROVEN 
STRONG @ INERT © LONG WEARING 


All six designs of Vitallium hip prostheses are the result 
of careful thought, trial and study on the part of the 
initiating surgeon. All have been implanted successfully 
and their use is recommended in properly selected cases. 

Vitallium hips offer a variety in design which permits 
selection of the type best suited to the patient’s require- 
VITALLIUM HIP DESIGNS ments. They are strong, well-designed and wear-resistant. 


(from left to right) The head portions are smoothly polished and except for 
1. Modified Judet Type the Lippmann type are hollow for lightness. 
Like all Vitallium appliances, the suitability of these 
2. F. R. Thompson Type 
No. 6936 prostheses for permanent implantation has been proven 
3. Moore Type No. 6939 throughout 15 years of use. 
4. J. E. M. Thompson Type 


WRITE FOR MORE DETAILED INFORMATION, INCLUDING 
SIZE DATA AND SUGGESTED OPERATING TECHNIQUES, 


5. McBride Type No. 6935 
6. Lippmann Type No. 6932 


ORDER THROUGH YOUR SURGICAL DEALER 


AUSTENAL 


EAST 39th STREET + NEW YORK 16,N.¥.: 


224 
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THE JEWETT-TYPE, ONE-PIECE 


VITAL 


CAST in ONE PIECE for 
STRENGTH and RIGIDITY... 
NO WELDED JOINTS...MANY 
APPLICATIONS .. . EARLIER AM- 
BULATION ... FEWER SYSTEMIC 
COMPLICATIONS. 


“Internal fixation with the Jewett nail, 
an angled appliance, has reduced hos- 
pital mortality to one-third, and devel- 
opment of severe senile psychosis to one- 
fifth of that sustained by patients treated 
in traction. All other complications are 
sharply reduced. It has produced a fuour- 
year survival rate over twice that of 
conservatively treated patients, while 
greatly improving the functional end 
results of the survivors.’’* 

* 


Moreover, internal fixation of hip frac- 
tures promotes earlier ambulation of 
the patient. The Vitallium Jewett-Type 
appliance, designed specifically for this 
purpose, has proved itself. It is a strong, 
one-piece rigid cast appliance which 
has been used successfully for over 10 
years in thousands of hip fractures. 
Jewett-Type Vitallium appliances are 
ideal for many uses about the hip, and 
are internal fixation appliances of 
choice by many orthopedic surgeons. 
The increased use of internal fixation 
of this type is evidence that more and 
more surgeons have found the time- 
proven Jewett-Type Vitallium appliance 
a successful device not only for inter- 
trochanteric fixation, but for femoral 
neck fractures and for geometric osteo- 
tomies and fusions of the hip as well. 


224 EAST 39th 


BONY UNION IS ACCOMPLISHED EARLIER WITH 


AUSTENAL 


INDICATED USES 
ABOUT THE HIP: 


1 Sulacapital fracwures 4 
2! fractures 


8 Hip 
REFERENCES: 


* 1. ‘Management of the Trochanteric Frac- 
ture of the Femur" by Mather Cleveland, 
M. D., David M. Bosworth, M. D., and 
Frederic R. Thompson, M.D. Journal of the 
American Medical Association, Volume 137 
No. M4, July 31, 1948. 


The Treatment of Trochanteric Frac- 
tures"’ by Cecil E. Newell, M.D., American 
ss of Surgery, Volume LXXIII, No. 2, 
‘ebruary, 1947. 


3. “One-Piece Angle Nail for Trochanteric 
Fractures" by Eugene Jewett, M.D. Journal 
of Bone and Joint Surgery, Volume 23 No. 4, 
1941. 


‘The Treatme nt of Intertrochanteric Frac- 
the Femur” by Walter G. Stuck, M.D. 
Surgery, Volume 15 No. 2, February, 1944 


. “Introchanteric Fractures of the Femur" 
ol Mather Cleveland, M.D., David M. Bos- 
yom, M. D. and Frederic R. Thompson, 

The Journal of Bone and Joint Surg- 
pty Veloue 29 No. 4, October, 1947. 


LABORATORIES, INC. : 


NTERTROCHANTERIC APPLIANCE 


(R) BY AUSTENAL 


LABORATORIES, INC. 


URGICAL DIVISION 


STREET BREW VERE 16, 
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¢ The Clinical Approach to 


The Clinical Approach at the 
Woodrow Wilson Rehabilita- 
tion Center, Fisherville, Vir- 
ginia, features the Clinical 
Team—the Orthopedist, the 
Prosthetic Technician (a HAN- 
GER Certified Prosthetist), 
the Physical Therapist, and 
the Occupational Therapist (for 
arm amputees only). 


All amputee patients are ex- 
amined by this Clinical Team 
with the complete medical 
history and other records at 
hand. During the examina- 
tion the patient is analyzed 
as an individual case with 
his particular advantages 
and limitations evaluated in 
relation to the possible courses 
of treatment. For example, 
whether a particular stump 


4 


or joint condition can be cor- 
rected with therapy, or with 
special prosthesis fitting and 
construction; if not, is further 


ATLANTA 1, GA. 
BALTIMORE |, MD. 
BIRMINGHAM 1, ALA. 
BOSTON 16, MASS 
CHARLESTON 2, W. VA. 
CHARLOTTE 2, N. C. 
CHATTANOOGA, TENN. 
CHICAGO 5, ILL. 
CINCINNATI 2, OHIO 


surgery desirable. Then a 
course of rehabilitation is 
prescribed by the Orthope- 
dist, including the Physical 
(and Occupational for arm 
amputees) Therapy neces- 
sary, the type of Prosthesis 
to be worn, and other special 
treatment or training required. 


Immediately the patient's 
treatment by the Center be- 
gins according to the Pre- 
scription. The patient receives 
pre-prosthetic therapy in 
which the stump is condi- 
tioned to provide the most 
efficient use of the Prosthe- 
sis. He is sunervised and 
treated in batins, heat, exer- 
cise, etc., by therapists and 
nurses specially-trained for 
this work. 


When the patient actually be- 
gins te wear the prosthesis, 
the Clinical Team again works 
closely together in the re- 
habilitation program. The 
Prosthesis itself has been 
fabricated according to the 
measurements and specifica- 
tions taken by the Prosthetist 
member of the Clinical Team. 
Careful attention is now 
given to fitting adjustments, 
continued therapy, and train- 
ing exercises, such as walk- 
ing, sitting, steps, etc. Un- 
usual problems are cause for 
a complete review and possi- 
ble change of prescription. 
For arm amputees, Occupa- 
tional Therapy now becomes 


COLUMBIA 5, S. C. 
COLUMBUS 8, OHIO 
DALLAS 1, TEXAS 
EVANSVILLE, IND. 
INDIANAPOUS 2, IND. 
JACKSONVILLE, FLA. 
KNOXVILLE, TENN. 
MEMPHIS, TENN. 
MIAMI 37, FLA. 


NASHVILLE, TENN. 


PITTSBURGH 30, PA. 
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MONTGOMERY, ALA. 
MORGANTOWN, W. VA. 


NEW ORLEANS 19, LA. 
NEW YORK 11, N. Y. 
OKLAHOMA CITY 3, OKLA. 
PHILADELPHIA 7, PA. 


important, and the amputee 
spends part of each day 
learning to use the Prosthesis 
and to live an independent 
life. Trained Therapists and 
nurses supervise the teaching 
of dexterity and manipula- 


tion through blocks, games, 
doorknobs, faucets, tools, 
etc. 


Most patients are ready for 
discharge in about six weeks. 
Each must appear at the 
Clinic for a final Prosthetic 
Performance Check-out by 
the Clinical Team and Official 
release by the Orthopedist. 


This is one of many such 
Centers throughout the coun- 
try where HANGER Techni- 
cians function as_ integral 
members of the Clinical Team. 
Each is an ABC Certified 
Prosthetist, and trained in 
Team rehabilitation. Feel free 
to call on any HANGER of- 
fice for service at any time. 


RALEIGH, N. C. 
RICHMOND 19, VA. 
ROANOKE 12, VA. 

ST. LOUIS 3, MO. 
SHREVEPORT, LA. 
TAMPA 2, FLA. 
TOLEDO, OHIO 
WASHINGTON 13, D. C. 
WILKES-BARRE, PA. 
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ROGER 
ANDERSON 
TABLES 


= 
GOLDTHWAITE IRONS — NOTE EASE OF CAST APPLICATION 


THE TOWER COMPANY 


P.O. BOX 3181, SEATTLE 14, WASHINGTON—FIFTH & STEVENS, GENEVA, ILLINOIS 


FINEST IN FRACTURE TABLES 
7 
1800 
Lateral cassette holder swung into 
place at hip. Exclusive anatomical 
_ Surgery, X-ray procedures, or cast- 
ing to any part ofthe body, 
Note the exclusive, time and money- 
INTERSCAPULAR SUPPORT— ALSO EXCLUSIVE WITH TOWER 3 ON SPECIALIS MODEL 
1700 
; 
3 


NEW CAN BE ADDED TO 


HYPEREXTENSION 


C-41 CERVICAL ATTACHMENT 


Less Bulky Easier Applied 
e Most Comfortable « More Freedom of Action 
¢ More Posture Conforming ¢ Less Pressure 

Discomfort 
e Better Patient Acceptance « Easy to Attain 

Hyperextension MODEL E-36 
e Lever Action Hyperextension Pull 
e Simple Telescoping Size Adjustment 
* LESS EXPENSIVE 
PATENTED 


ORDER WITH CONFIDENCE «+ IF NOT ENTIRELY SATISFIED OF SURGICAL & ORTHOPEDIC APPLIANCES 
RETURN WITHIN 10 DAYS. ° NO OBLIGATION 


P. O. BOX 362, 913 KUHL AVENUE, ORLANDO, FLORIDA ~ 


* 
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XYLOC AINE 
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y 
PREFERRED local anesthesia 
merits special consideration 
and measured by the time saved through its 
houses as 2 4%, 1% or 2% hi 
without remarkably fast action, by w 
plied with Epinephrine converted to productive “working 
&) S Pronounced Xi lo'cain 
(Brand: of lidecaine *HCL) 
Write department S2 for bibliography 
| 


0-250 SMITH - PETERSEN OSTEOTOME ~ straight, 
8”, sizes 4", 96", 14", 56", %", 1” and 1% 
Stainless Steel. 

0-255 SMITH - PETERSEN OSTEOTOME — curved, 

Stainless Steel. 


0-260 SMITH- PETERSEN GOUGE ~ straight, 8”, 


sizes Ye", and 1”. Stainless Steel. 
0-265 SMITH-PETERSEN GOUGE —curved, 8”, 
sizes %", %" and 1”. Stainless Steel. 
0-270 SMITH-PETERSEN GOUGE — reverse 


0-250 0-255 0-260 0-265 0-270 and 1", Stain 


A NEW STAINLESS STEEL CASE TO HOLD 
SMITH-PETERSEN 
OSTEOTOMES and GOUGES 


CASE 0-295 -—holds seven Smith-Petersen 
Osteotomes. 


CASE 0-296 —holds seven Smith-Petersen 
Gouges. 

CASE 0-297 —holds a combination of seven 
Osteotomes and Gouges. 


Cutting edges are protected at all times. 
Complete unit may be autoclaved. 0-295 Closed 


Specify Width of Gouges and Osteotomes When Ordering 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


| SMITH-PETERSEN OSTEOTOMES and GOUGES 
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| 
NE AVENUE BOSTON 15, MASSACHUSETTS 
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Non-Metallic 
Muscle-Building 
Arch Cushions 


Tuan KS to orthopaedic appli- 
ances properly prescribed and skillfully 
fashioned for the care and correction 


y/ of ailing or deformed feet. 


Our highly specialized techni- 
cians, working in modern laboratories, 
Posture Plates fill your prescriptions accurately and 
promptly. Record Charts with special 
sensitized paper for foot: impressions 
are available at no extra cost. 


RADE MARK 


Catalogues available upon request 


KLEISTONE RUBBER Company, Inc. 


Established 1919 
Warren, Rhode Island, U. S. A. 
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Ease of application 


Transparency 


Flexibility and —_ 


—Minimal redressing 

~ distinguish 


_” MEROPLAST" 


SURGICAL DRESSING 


— 
Sprayed directly onto the lesion from an aerosol 
“bomb,” Aeroplast forms a protective plastic film 
dressing over any body contour. Aseptic lesions 
remain sterile as long as the dressings are intact. 
Aeroplast dressings are impermeable to bacteria. 
To remove, Aeroplast is simply peeled off. 


Rigler and Adams! dressed 110 operative wounds (including 
thoracotomies, laparotomies, inguinal hernias and miscellaneous 

Bilateral inguinal hernia incisions “ ° ° 
protected by Aeroplast 4th post- lesions) with Acroplast. “A single application sufficed in all 

operative day. but fifteen cases. No instances of systemic or clear-cut reactions 
were observed. Satisfactory results, with no evidence of 
erythema, infection, or necrosis were obtained in the majority 


of cases.” 


In 39 miscellaneous wounds dressed with Acroplast (including 
appendectomies, open reduction of fractures, skin graft donor sites, 
lacerations, excoriation), Choy* reports infection in only one 
case, which promptly cleared with redressing, and uneventful 


healing in all others. 


Rigler, S. P. and Adams, W. E.: Experience with a new sprayable plastic as a 
dressing for operative wounds, Surg. 36:792 (Oct.) 1954. (University of Chicago 
Clinics, Chicago, Surgical Service), 


1 


Thoracotomy wound completely 

healed 13 days after operation 2. Choy, D. S. J.: Clinical trials of a new plastic dressing for burns and surgical 

and dressing with Aeroplast.! wounds, Arch. Surg. 68:33 (Jan.) 1954.(Bellevue Hospital, New York, Third Surgical 
Division—Dr. John Mulholland, chief). 


Supplied in 6 ox. aerosol-type dispenser 
through your prescription pharmacy or surgical dealer. 


For reprints and literature write to: 


4 CORPORATION 


422 DELLROSE AVENUE, DAYTON 3, OHIO 


Aeroplast dressing is peeled off 
like a glove 12 days after 2nd 


degree burn.? 
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EXCLUSIVE 
ELECTRONIC 


Guaranteed A‘S-R BLADES 
THE SHARPEST EVER MADE! 


The NEW EXCLUSIVE A. S. R. SHARPOMETER... 


the only device of its kind in the world... (: 
measures the CRITICAL EDGE-FINENESS of | 
every lot of i 


A. 8. R. SURGICAL BLADES 
EDGE-FINENESS determines perfect cutting 


qualities. Sharpometer Edge-Fineness tests enable 
A. S. R. to guarantee . . . precise, uniform 
sharpness and dependability for every single blade! 
NEVER AGAIN will the surgeon suffer embarrassment due to dull 
blades. A.S.R. SURGICAL BLADES... Sharpometer tested... 

are your safe-guards. 
PROVED SHARPNESS: Sharpometer tests on competitive blades —— 
including re-sharpened ones, have proven... beyond a doubt... 


A.S.R. SURGICAL BLADES are uniformly sharper. 
NO WIPING REQUIRED — blades are wrapped in rust inhibiting paper. 


EVEN THE PRICE IS A PLEASANT SURPRISE 


Telephone, write or telegraph NOW for New Descriptive Booklet — 
“SHARP SURGEONS’ STEEL” 


AMERICAN SAFETY RAZOR CORPORATION 
HOSPITAL DIVISION 


380 MADISON AVE., NEW YORK 17, N. Y. 
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FOR GREATER STRENGTH AND SAFETY — 


pemano GENUINE NEUFELD NAILS ana SCREWS 
_in NEUTRILIUM’ 


NEUTRILIUM® is the most non-corrosive metal known to science. Its proven super- 
strength lends an assurance of permanence to internal fixation of the trochanteric 
area. This neutral, non-magnetic, homogenetic alloy is entirely inert and therefore 
compatible with human bone or tissue, remaining unaffected by body chemistry. 


NEUFELD BONE SCREWS — of NEUTRILIUM® — are cold forged and, 
unlike other metals, appear to be unbreakabie under maximum human pressures. 
Heads will not twist off during application or in actual use. 

GENUINE NEUFELD NAILS and SCREWS — of NEUTRILIUM® made only 
by MEDICAL RESEARCH SPECIALTIES, Loma Linda, California, are sold 
nationally by leading surgical and orthopaedic supply dealers. 


NEUTRILIUM® is a registered Trade Name of Medical Research Specialties. 


NEUFELD FEMORAL NAIL PLATE 


Used for internal fixation of intertrochanteric 


and subtrochanteric fractures 


Write tor descriptive 


MEDICAL RESEARCH SPECIALTIES 


Lomo Linda, California 
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Proved in Practice .. . 


BOWEN SURGICAL INSTRUMENTS 


Many Superior Features in Bowen 
Chisels, Gouges, and Osteotomes 


* HARDENED AND TEMPERED TO RIGID SPECIFICATIONS 


Hand-Forged of 440-C 
Stainless Steel 


* KEEN CUTTING EDGE WITH PRECISE BEVEL, LONG SLENDER BLADE 
* LONG HANDLES FOR UNOBSTRUCTED VISION 
* THUMB REST HANDLES FOR BETTER GRIP * PERFECT BALANCE 


BOWEN GOUGES are of 
distinctive design and style. 
In curves and shapes best 
liked by each surgeon. Edges 
hollow-ground to keen razor 
sharpness. Especially valu- 
able in bone re- 


BOWEN OSTEOTOMES AND 
CHISELS, hand forged, of 
440-C stainless steel, stand 
up better than instruments 
of any other material to the 
hard usage such instruments 


BOWEN GOOSENECK Chis- 
els, Osteotomes, and Gouges 
are designed with the cut 
ting edge offset from the 
handle. This permits cutting 
edge to be held at an angle 


get. Fine grain 


of minimum rake. 


construction work. 
Curved gouges 


ideal for work in 
and around con ( 


toured surfaces. 
STAINLESS STEEL INSTRUMENT TRAYS—4 or 6 Unit 


@ WILL HOLD ANY INSTRUMENT WITH SHANK 6, 10,1 


@ TRAYS WILL NEST OR MAY BE PLACED ON END 


structure gives a 
tough, long-wear- 
ing blade. Square 
grooved handles 
for sure grip. 


ALL BOWEN 

INSTRUMENTS 

IN STOCK IN 

ALL STANDARD 
led SIZES. 


@ INSTRUMENTS STERILIZED WITHOUT HANDLING 
@ REQUIRE LESS SPACE CANNOT FALL OUT 


SAFER and QUICKER MENISECTOMIES 


Smillie Cartilage Sets 


Grover 
Meniscotome 


Designed with handles thet do not ob- 
scure field of vision. Longer beak always 
rests on tibial table. Beaked knife divides 
the peripheral attach ts of the medial 
meniscus. Also divides the central attach- 
ment of the posterior horn of the lateral 


it guerantees the integrity of all struc- meniscus. Second beaked knife used for 
the same purpose, also to divide the cen- 


tures within the joint and permits com- 
tral attach ft of the posterior horn of the 


plete of elther mont medial meniscus. Chisel mobilizes middie 


third of the meniscus. 


Used through any arthrotomy expo- 
sure and on either semilunar cartilage, 


Standard 
Length 


Designed like a large intra-uterine (Curved Shank) 


curette, it presents a smooth rounded 
8” guard on the outer surface of the ring, 
the inner margin of which is a keen 

e knife edge permitting cutting in any 
direction. Its use will shorten by about 
one-third the present operating time. 


ILLUSTRATIONS SHOW POSITIONS OF KNIVES IN USE 


@ Hand Forged from 440-C Stainless Steel @ Keen Cutting Edge 


BOWEN & COMPANY, INC. 


@ Perfect Balance 
P. O. BOX 5818 
BETHESDA, MARYLAND 
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You'll be glad to prescribe 


Alden-Pedic lasts are de- 
signed to accommodate your 
prescribed corrections and 
insertions. Extreme sizes 
stocked. Many styles avail- 
able for men and boys. Top 
quality only. 


SCIENTIFIC CONSTRUCTION 


Long inside counter 

Heavy gauge ribbed steel shank 
Right and left angled heels, 
long inside 

Patented bottom filler pre- 
vents insole lumping 


Alden-Pedic lasts and shoes have been scientifically designed and tested to 
accommodate specific and general degrees of foot disabilities. Doctors who 
become familiar with the functional merit of this program will be glad to 
prescribe these shoes as a foundation in the treatment and correction of 
foot disabilities. We do not claim that these shoes will correct abnormal 
foot conditions, but they will provide the types of basic footwear necessary 
as a foundation in aiding foot trouble and in offering foot comfort. We 
know you will be glad to recommend them. 


FOR BOOKLET AND NAME OF NEAREST DEALER, WRITE 


C. H. ALDEN SHOE COMPANY 


BROCKTON, MASSACHUSETTS 
Boclmakers 1884 
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to avert 
adrenal crisis 
in acute stress:* 


Supplied in 20 ce. ampoules 

Each ampoule contains: 
Hydrocortisone ...100 mg. 
Alcohol 

Water for injection 

For use in preparing intravenous 
infusion only. 


*shock, emergency surgery, trauma, ete. 
**Registered trademark for the Upjohn brand of 


hydrocortisone (compound F) 


The Upjohn Company, Kalamazoo, Michigan 
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There is a BIG DIFFERENCE 


between steel braces and 


UNITED STATES solid 

ALUMINUM BRACES J 
Aluminum braces compare with the strength * 

ol steel braces and plus added light-weight o 

quality make them ideal for permanent 2 9 

wearers. 
United States braces are manulactured 

from sdlid aluminum 24 S. T. bar stock. 

Bulted finish eliminates plating time Part No. 118 


and costs, thereby speeding up deliv- 
ery and service to your patients. 


aluminum ball-bearing 


DROP-LOCK BRACE 


Part No. 118 
x bar size—24 S. T. aluminum 
Part No. 133 
x bar size—24 S. T. aluminum 
Part No. 153 
Y, x %” bar size—24 S. T. aluminum 


aluminum new style 


- FRENCH LOCK BRACE 


Part No. 160 
VY, x %” bar size—24 S. T. aluminum 
Part No. 161 
Yo x %” bar size—24 S. T. aluminum 


Specify and use 
aluminum braces 
manufectured by 


UNITED STATES W//anufacturing COMPANY .. 


MANUFACTURERS of ALUMINUM and STEEL BRACE and ARTIFICIAL LIMB PARTS 
3453 Glendale Boulevard, Los Angeles 39, Calif. 
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AGING CHANGES THE BONE PICTURE 


Femur, fracture, oblique, upper third. 


Healing of fractures is often delayed in the aging patient because im- 
paired osteoblastic activity due to declining sex hormone function causes 
the bone matrix to atrophy. Note incomplete union of fracture (fig. 1) 
in patient with postmenopausal osteoporosis, in contrast with normal 
union (fig. 2) when a proper ratio exists between osteoblastic and osteo- 
clastic activity. 


According to Reifenstein, some degree of osteoporosis is almost “physio- 
logic” after menopause, and clinical osteoporosis may be found in about 
10 per cent of women over 50 years of age. With combined estrogen- 
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THE MANAGEMENT OF THE TUBERCULOUS HIP JOINT * 
BY PROF. WALTER MERCER, EDINBURGH, SCOTLAND 


Many of us must remember, almost with horror; the end results of tuberculosis of 
the hip in the early days of our surgical practice. The results were often characterized 
by terrible deformity, but, with the high over-all death rate in those days, it was con- 
sidered an achievement to save life, even with gross deformity. The means available at 
that time were very meager; there was no specific treatment which had any effect on the 
tuberculous organism. 

There has been a steady, although gradual, improvement in treatment, and more 
satisfactory results have been obtained. The crowning achievement in treating tuber- 
culosis has been the introduction of antibiotics; inevitably our approach to the problem 
has been altered, for we now have a far greater control of this disease. Two changes in the 
character of the disease—at least in Scotland—are interesting: Joints are now affected 
at a later stage in life. Twenty years ago most tuberculous hips occurred in the first 


five years of life, but now, with the proper feeding of infants, joint involvement occurs 
five to ten years later in the next age decade. This is due partly to the gradual replacement 
of raw, or unprocessed, milk for infant-feeding by dried, bottled, or pasteurized milk 
which protects the infant in the earlier years of life from primary infection. Unfortunately, 
in the next age group, that is, in young school children, the introduction of the milk-in- 


schools scheme has resulted in the exposure of a considerable number of school children, 
who otherwise would have escaped infection, to the risks of drinking raw milk. However, 
the vaccination of children in this age group with Bacillus Calmette-Guérin will have a 
definite effect in reducing the incidence of joint tuberculosis, as will also such factors 
as early hospitalization of all patients with ‘‘open”’ pulmonary disease and the improve- 
ment in economic conditions, in housing, and in nutrition, all of which are now taking 
place in Scotland. 

Bovine infection used to be four to five times more common in skeletal tuberculosis 
than the human type, but a reversal of this has now taken place and, in a recent investi- 
gation of 950 patients, 26.3 per cent. had bovine tuberculosis and 73.7 per cent. had human 


tuberculosis. 
DIAGNOSIS 
One of the chief difficulties now in patients with hip-joint disease, as indeed it has 
always been, is the accurate diagnosis of the early case. Frequently, we see a patient with 
the clinical signs of arthritis of the hip or, as it is called, transient arthritis (an ‘“‘observa- 
tion hip’’), with a limp, limitation of movement by muscle spasm, and perhaps pain. 
The history is usually of a few days’ duration, with little evidence of a systemic illness 


* Read at the Annual Meeting of The American Orthopaedic Association, Bretton Woods, New Hamp- 
shire, June 8, 1954. 
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although there may be a mild pyrexia—and a “‘reported normal” roentgenographic 


appearance of the joint 

Accurate diagnosis in such a patient is so important that every possible means of 
diagnosis must be employed, as the prognosis has been so immeasurably improved by the 
introduction of chemotherapy. We now know that there is a reasonable chance of obtaining 
a mobile joint if the disease is recognized in its early synovial stage; early proof of the 
lesion is, therefore, imperative. 

It is obvious, however, that the diagnosis of a transitory arthritis from a tuberculous 
lesion is most difficult. Historically and symptomatically, these are often identical and 
remain so for weeks during the early treatment, which is usually by means of traction 
for the relief of pain and resulting spasm. 

After the history (family and personal) has been taken and the clinical examination, 
which may be helpful, has been made, the erythrocyte-sedimentation rate is estimated, as 
is the white blood cell count. These are not specific. The Mantoux test is only of value if 
it is negative on repetition. Roentgenograms are made of both hips and the chest. We 
rarely see tuberculosis of the hip so early that there is no roentgenographic abnormality. 
There is usually, in the early case, a little atrophy of the affected side seen on comparison 
with the unaffected side. If there is not the slightest alteration in density, we are chary 
of making the diagnosis of tuberculosis, although if we find a typical Ghon lesion in the 
lung, or enlarged paratracheal glands, we rather expect the condition in the hip to be 
tuberculosis 

If there is bone atrophy, a biopsy of the deep inguinal glands is carried out; from 
the point of view of diagnosis, this is more important than an arthrotomy, since the bacilli 
are filtered to the glands and are more likely to be found. If the biopsy specimens from 
the glands reveal bacilli, the diagnosis is settled; but arthrotomy may still be considered 
if the diagnosis remains in doubt. In the past, a provisional diagnosis was accepted as 
an indication for hospital treatment, and the patient’s subsequent course either proved 
or disproved the tuberculous nature of the disease. Now that there is a good prospect of 
obtaining a mobile joint, if the disease is diagnosed at an early stage, early proof of the 
lesion is imperative. Doubtful cases are not now admitted to hospital for long periods of 
observation before a definite diagnosis is made. We exert ourselves to reach an early 
diagnosis. Synovial biopsy is being done more and more often, and, with antibiotics, 
the biopsy wound heals satisfactorily. As McKenzie has aptly said, the old method of 
wait and see has given way to a policy of look and see. 

Arthrotomy has an even more important purpose than that of proving the presence 
of tuberculosis, for it relieves the tension on the joint and the effects of tension on the 
blood supply of the joint. 

At the periphery of the joint, where the synovial membrane is reflected from the 
cartilage, is the cireulus articuli vasculosus, of which the end arteries are end arteries 
in the sense that they do not form anastomoses. Local obliterating endarteritis is one of 
the main features of the pathology of tuberculosis; it follows, therefore, that a local 
ischaemia is a common and early finding in skeletal tuberculosis. Once ischaemia has 
occurred, antibiotic drugs can reach the part only with difficulty unless the way has 
been opened for them by some surgical procedure. One such procedure is synovectomy ; 
this is what is done now at biopsy. The synovial membrane regenerates rapidly after removal, 
and, therefore, synovectomy partial though it may be in some cases—affords an oppor- 
tunity for a healthy membrane to develop, along with fresh blood vessels which will 
bring the antibiotic into the diseased area. 

We talk glibly of doing a biopsy, of culture, and of guinea-pig inoculation, as though 
these gave an absolute diagnosis; but this is not always so, unfortunately. I believe 
that there are a few cases in which, because of the absence of confirmatory evidence of 
this nature, we have to rely on a summation of all facts which we can interpret by using 


our clinical judgment based upon experience—our surgical acumen. 
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TREATMENT 
In any consideration of the treatment of the tuberculous hip joint, it is obvious that 
chemotherapy has allowed us to return to the more radical methods of local attack, 
some of which, in years gone by, were disappointing because they were so often followed 
by sinus formation and dissemination of the disease. We must, however, always bear in 
mind that tuberculosis is a general disease and that the joint lesion is but a metastatic 
manifestation of it. Thus the involvement of the deeply situated glands, inaccessible, 
insidious, and in issue far more dangerous than the lesion itself, should ever be in our 
minds. This makes the sanatorium regimen still imperative. 

Children responded well to this regimen, with healing of the adenitis, as well as of 
the concomitant bone lesion, but this took a long time. Many of our patients required 
sanatorium treatment for five years or more in the days before the introduction of chemo- 
therapy. This period of prolonged immobilization led to many complications, such as 
premature fusion of the epiphyses, with shortening of the extremities and resultant 
stunting, both physical and mental, as well as other forms of morbidity. 

It was aiso noted that adults did not respond so well and often had re-activation 
of the glandular focus with a substantial late mortality from associated lesions. 

What a change now! Streptomycin and associated drugs have allowed us to make a 
direct surgical attack on the joint; in patients seen early, therefore, we may hope for a 
mobile joint, and in patients seen late, a shorter period of immobilization, an earlier and 
quicker fusion, and fewer, if any, complications. 

There is no doubt that the best results are now obtained by the use of streptomycin 
in combination with other drugs and surgery. These do not supersede a sanatorium regi- 
men, but merely reduce the time in which it is necessary. 

I think we, in Scotland, are perhaps more optimistic than you, in America, are about 
the future of skeletal tuberculosis now that we have antibiotics. Streptomycin, augmented 
by para-aminosalicylic acid, or substituted for by isonicotinic acid hydrazide (isoniazid), 
gives the orthopaedic surgeon a far greater control of the course of the disease at any 
stage; hence, we must consider how our approach should be changed to utilize to the full 
the benefits of these drugs. Even at this early phase of the history of these chemothera- 
peutic agents, it is worth while to consider one or two of their properties before we accept 
them complacently as being the final and definitive answer. 

Resistance, or drugfastness, to these three drugs occurs early if they are administered 
separately. Para-aminosalicylic acid decreases the number of streptomycin-resistant 
strains, especially if the dosage is twenty grams of sodium para-aminosalicylate daily 4, 
with a combination of isoniazid and streptomycin, one gram twice weekly. There has 
been no report of resistance to either drug*. We are as yet unable to define whether 
resistance is due to a mutation or to an adaptation resulting from a selection of resistant 
strains.' Therefore, we can only partially prevent the occurrence of this complication to 
treatment by certain combinations of drugs, but even so resistant strains are being 
steadily built up. 

The antibacterial factor of efficiency of these drugs, unfortunately, is not comparable 
with that of penicillin in the treatment of pyogenic osteomyelitis, this being due to the 
pathological nature of the tuberculous infection. Jensen, Bindslev, and Holm have 
described the intracellular localization of living tubercle bacilli in the mononuclear or 
epithelioid cells. Therefore, the chemotherapeutic agent must be able to penetrate these 
cells in order to kill the tubercle bacillus, and so far only isoniazid has been shown to be 
capable of entering macrophages or phagocytes.’ Continuing the study of this property 
of penetrability, or lack of it, Ebert and Barclay, using the transparent-chamber technique 
in rabbits, showed how the initial, and most temporary, wide dilatation of vessels around 
a tubercle was quickly closed by thrombosis, with resultant stasis of blood flow around 
the now necrotic area. 
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Bosworth, Wright, and Fielding, in 1952, have described how, apart from the bac- 
teriostatic property of isoniazid, this drug produces a capillary dilatation, with cutaneous 
flushing. Capillary dilatation may increase the vascularity around the diseased area, but 
it is unlikely to assist in the penetration of the chemotherapeutic agent because of the 
thrombotic nature of the change in the capillaries. 

Therefore, it is only in the most early stages of the pathology of this lesion that 
our agents are efficient, and it is only too well known how comparatively late we see and 
diagnose a tuberculous focus in bone around the hip joint. Because of this, it is now one 
of the primary objectives of the surgeon to give access to these chemotherapeutic agents 
to all diseased areas as early as possible. 

On first giving streptomycin to a patient with a proved tuberculous infection of the 
hip, it is usual to see an initial systemic improvement, with relief of symptoms and most 
signs, but even though chemotherapy is continued, there is a definite regression and 
slowing up in the improvement, this being due to the appearance of some degree of 
resistance formation. Although surgery should probably have been carried out earlier, 
it can still be done, as continuing treatment with streptomycin will prevent any further 
dissemination or sinus formation due to secondary organisms. 

The following combinations advocated by Crofton of Edinburgh are satisfactory in 
the treatment of the sort of case we are discussing: 

1. Streptomycin sulphate, one gram daily, with sodium para-aminosalicylate, five 
grams four times a day; (In the United States the drug is usually expressed in terms of 
the acid, whereas in Great Britain it is usually expressed in terms of sodium para-amino- 
salicylate; the twenty-gram dose of sodium para-aminosalicylate, I suggest, corresponds 
roughly to about fifteen grams of para-aminosalicylic acid. This difference in the expression 
of dosage has caused a great deal of confusion. ) 

2. Streptomycin sulphate, one gram daily, combined with isoniazid, 100 milligrams 
twice a day; 

3. Isoniazid, 100 milligrams twice a day, combined with sodium para-aminosalicylate, 
five grams four times a day. 

With any of these combinations, the incidence of drug resistance should be exceed- 
ingly low. The existence of bone or joint tuberculosis always indicates that there has 
been a hematogenous dissemination of the disease, and I am as concerned in trying to 
knock out other eryptic foci of tubercle bacilli as to deal with the more obvious lesion. 
Both for the immediate effect on the hip lesion and the effect on the eryptie lesions, | 
am strongly in favor of really prolonged chemotherapy. I have thought that a year is a 
reasonable minimum period of time in which to continue with the treatment, but I would 
ordinarily prefer to continue chemotherapy for at least three menths after it has been 
decided that the local lesion is quiescent and well under control. After the first six months 
or so, if combinations involving streptomycin have been used, | would be happy to switch 
to a combination of isoniazid and sodium para-aminosalicylate, in order to save the 
patient so many injections. Under no circumstances should any of these drugs be used 
alone. | believe that treatment with streptomycin twice a week combined with isoniazid 
daily has been used fairly extensively in the United States, but the Medical Research 
Council in Great Britain has shown that treatment with such a combination carries 
with it a considerable risk of the development of isoniazid resistance. 

The hip joint may be affected with tuberculosis in three ways: an extra-articular 
focus, synovial disease, and an intra-articular lesion with destruction of the cartilage. 


I would like to state how we treat these lesions: 


1. Extra-Articular Focus 
Keven before the days of streptomycin, we excised an extra-articular focus, with some 
measure of success, when it was accessible. It is much safer to do so now, and it should 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 


MANAGEMENT OF THE TUBERCULOUS HIP 1127 


be carried out, of course, before the adjacent joint becomes involved. After antibiotics 
have been administered, the excision is carried out. It is a good practice to fill the cavity, 
after a thorough removal of all diseased bone, with cancellous-bone chips and to use 
streptomycin and penicillin powder locally. One can, with confidence, look forward to a 
complete reconstitution of the bone and, of course, a mobile hip. 


2. Synovial Disease 


In synovial disease, with a tense full joint and with the synovial membrane and 
capsule ballooned out due to an effusion, there is every prospect of obtaining a mobile 
joint if the streptomycin and other drugs can reach it in sufficient concentration and if, 
of course, the joint surfaces are undamaged. The tuberculous exudate does not contain 
proteolytic enzymes, such as those seen in the exudate of pyogenic infection; the cartilage 
tends, therefore, to persist until a later stage when it is covered by the tuberculous pannus 
of unhealthy granulation tissue. Early diagnosis and decompression are essential in order 
to save the joint, and, therefore, biopsy is justified, apart from diagnosis, to relieve tension 
and to allow the penetration of the chemotherapeutic agent. We must, therefore, in carry- 
ing this out, remove as much of the diseased synovial membrane as possible, together with 
part of the capsule. This will inevitably turn the tide in the patient’s favor and will 
lead to a higher percentage of mobile hips. Synovial membrane regenerates rapidly. 
After removal of the diseased synovial membrane at operation, fresh normal synovial 
tissues, carrying young blood vessels through which the antibiotics can circulate freely, 
will form. The only form of immobilization necessary during this treatment is by skin 
traction. Nutrition of the limb must be maintained. 


3. The Intra-Articular Lesion 


Intact articular cartilage: Up to a few years ago, even the intra-articular lesion was 
considered to be cured only when there was bony fusion, but it is recognized that there 
are still some cases in which, although the lesion is intra-articular, most of the articular 
cartilage is still intact. Therefore, there is still the possibility of obtaining a mobile hip, 
at least for many years. The diseased focus in Babcock’s triangle or in the acetabular 
region is approached and is thoroughly eradicated, the area being packed with cancellous- 
bone chips. Penicillin and streptomycin powder are used locally. It is necessary to immobi- 
lize the joint in plaster for a few weeks (in the case of femoral foci) or by fairly heavy trac- 
tion (in the case of acetabular foci). A certain proportion of hips will still heal by fusion or 
may require arthrodesis later, but it is remarkable how many will have mobility at the 
end of treatment. A long period of follow-up is necessary in order to be able to tell whether 
the mobility and cure is going to be permanent. Although some patients will show exten- 
sion of the osseous disease process and may require arthrodesis at a later stage (the price 
of delay in applying definitive treatment), we may gain a mobile hip and all of its benefits 
in many patients. If the chemotherapy is continued long enough, re-activation, or flare- 


up, of the tuberculosis is less likely to occur. 

Damaged articular cartilage: If the patient comes under treatment at such a late stage 
that the articular cartilages are obviously irretrievably damaged, then bony fusion is 
necessary. One now need only to wait until the patient’s general resistance has been built 
up in order to overcome the general toxaemia of the bacillary invasion; this is aided 
greatly by the use of chemotherapy. I invariably perform a Brittain arthrodesis. I often 
do this operation now, however, by means of an open approach from the posterior aspect ; 
this allows identification of the sciatic nerve, open inspection of the joint, with relief of 
intra-articular tension, and’ removal of necrotic debris. Brittain’s method is infallible in 
securing union, due no doubt to a compressing force, rather than a distracting one as seen 


in the iliae-trochanteric operation. 
A further consideration is the presence of a tuberculous abscess. This should be 
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removed as soon as possible, usually by aspiration. This may not, however, be possible, 
and it may be necessary to drain the abscess by incision. Just as in the treatment of 


acute osteomyelitis, it is the tension in the bone rather than the infection that causes 
thrombosis of the vessels and the formation of a sequestrum, so in tuberculosis pus under 


tension causes delay in healing if not spread of the infection. 
Every effort should be made to cause sinuses to heal and to prevent secondary 


infection. This can usually be achieved by using antibiotics, locally and generally. Even 
long-standing sinuses will now heal in a few months; surgery may be needed if the walls of 
the sinus tract are very thick, or if there is an associated sequestrum of bone. 


CONCLUSIONS 


It is obvious to us all that the handling of infective granulomatous diseases lies in 
the realms of sociology and preventive medicine. The day of this is still far distant, and 
it is our duty with present-day knowledge and experience to consider the future of this 


lesion. 
Chemotherapy for the Mycobacterium tuberculosis has been long enough in general 


use for us to accept it as the most useful adjunct to surgery, the principles of which, 
in turn, must be modified and advanced so that its properties are fully utilized in the 
treatment of this incapacitating condition. Antibiotics may be expected to shorten the 
course of the disease. Rigid immobilization for a long time is probably no longer essential, 
and one hopes that the unfortunate effects of immobilization, such as renal calculi, 


osteoporosis, and premature epiphyseal closure, leading to a woefully short extremity, 
will also become things of the past. I fully expect that the bacteriologist and the biochemist 
will give us other chemotherapeutic agents of greater bacteriostatic and penetrating 
properties, and that our surgical treatment will correspondingly advance, resulting in 
more mobile hips. There will, however, often be some derangement in the usual architec- 
ture of the surfaces of this weight-bearing joint, because most tuberculous lesions heal 
by fibrous tissue or recalcification, without regeneration of the original tissues. The com- 
plication of osteo-arthritis is thus likely to arise with its own peculiar difficulties in treat- 
ment, and arthroplasties will have to be carried out at a later stage of life. Most of us will 
be ready and pleased to treat this complication when it arises, after the patient has had 


for several years the use of a functioning hip joint. 
To achieve bony ankylosis of a tuberculous hip joint (particularly in the advanced 
intra-osseous type of lesion) must still be our aim and the method of choice because of 


its long proved efficacy. However, | do suggest that now, more than ever, we must strive 
for early diagnosis of the lesion by biopsy (with its concomitant decompression of the 
tuberculous lesion of the hip joint) so that the patient is left with a functioning and 


mobile hip 
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ARTHRODESIS OF THE HIP IN WIDE ABDUCTION * 


BY LEROY C. ABBOTT, M.D., AND DONALD B. LUCAS, M.D., SAN FRANCISCO, CALIFORNIA 


Fron the Department of Orthopaedic Surgery, School of Medicine, 
University of California, San Francisco 


Arthrodesis of the hip joint is often difficult to obtain, even under the most favorable 
conditions. When fusion of this joint is indicated, the surgeon has several methods at his 
disposal. If the head and neck of the femur are viable, a combined intra-articular and 
extra-articular procedure is probably the method of choice. In those patients who have 
suffered destruction of the femoral head and neck following disease or previous surgery, 


the ordinary methods of arthrodesis often fail. 
In 1931 one of us (L. C. A.) was co-author of an article which described an intra- 
articular method of performing arthrodesis of the hip in children who had massive destruc- 


tion of the joint due to tuberculosis or pyogenic infection *. At that time surgical fusion 
of the hip joint had been well established as sound treatment, and several methods of 


obtaining fusion had been advanced by various surgeons. At the Shriners’ Hospital in 


St. Louis many neglected children were seen in whom deformity and joint destruction were 


Fia. 1 

Three stages in arthrodesis of the hip in wide abduction. 
A: Preoperative position, with the greater trochanter opposite the acetabulum. 
B: Placement of the greater trochanter in the acetabulum. 


C: Subtrochanteric osteotomy. 


severe. The frequent failure to obtain bony fusion in these patients by the then accepted 
methods of arthrodesis led to the development of the treatment which we called ‘‘ar- 


throdesis of the hip in wide abduction”’. 


KARLY METHOD 


The method as originally described was done in three stages: (1) correction of the 


deformity, (2) arthrodesis of the hip in wide abduction, and (3) reduction of the widely 


abducted position by subtrochanteric osteotomy (Fig. 1). The usual deformities of 


flexion, adduction, and shortening were corrected by appropriate traction as the extremity 


was gradually brought to a position of wide abduction. In some cases, in which the greater 


trochanter was fixed to the ilium, a preliminary excision of scar tissue was done before 


traction was applied. When the greater trochanter was adjacent to the acetabulum, a 


* Read at the Annual Meeting of The American Orthopaedic Association, Bretton Woods, New Hamp- 
1954. 


shire, June 7, 
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Fig. 2-A 
Figs. 2-A and 2-B: Review of the principal methods of intra-articular and extra-articular ar- 
throdesis of the hip, with drawings adapted from the authors’ original publications. 


Smith-Petersen incision was used to expose the acetabulum and the upper portion of the 
femoral shaft. The acetabulum was thoroughly debrided, and cortical bone was removed 
from the upper and inner surfaces. After the excision of any remaining parts of the femoral 
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Fic. 2-B 


neck, the cortical bone was also removed from all surfaces of the greater trochanter and 
from the adjacent shaft of the femur. With the extremity abducted, the denuded surface 
of the greater trochanter was brought into intimate contact with that of the acetabulum. 
The angle of abduction which gave optimal contact varied from 30 to 90 degrees. No 


VOL. 36-A, NO. 6, DECEMBER 1954 


1131 
f 
c 
4 ‘ 
TRUMBLE BRITTAIN 
\ 
» 
~ 
\ 
WILSON 
Y 
\ oOo 
SPEED 


1132 L. C. ABBOTT AND D. B. LUCAS 


attempt was made at that time to secure the correct position for function. It should be 
emphasized that the sole aim of the operation was to secure bony union through accurate 
fitting and extensive apposition of cancellous-bone surfaces. 

The cast was changed at appropriate intervals and, usually in about five to six 
months, was removed for clinical and roentgenographic examination of the hip. If bony 
fusion had been obtained, transverse subtrochanteric osteotomy was performed and the 
bivalved cast was reapplicd. Two weeks after osteotomy the hip was examined and roent- 
genograms were again made. If sufficient callus formation was demonstrated, the spica 
was removed and adhesive traction was applied to the lower extremities. Abduction on 
the affected side was gradually reduced, while the position of the pelvis was controlled 
by traction on the sound side. This gradual bending of the callus required about ten days 
and permitted control of the fragments until the desired position of abduction was 
obtained, following the method used by Adams in the Shriners’ Hospital, St. Louis. This 
simple method of bending the callus was described by Abbott and Jostes in 1926. 

In 1931, Abbott and Fischer recorded the results in eleven cases. In two of the 
patients there were sinuses, and bony fusion of the joint did not take place. In the remain- 
ing nine cases, solid bony fusion occurred in seven; union was doubtful in one and there 
was failure in one. The authors regarded the method as highly successful and one of 
them (L. C. A.) has continued to use it in the past twenty-four years for patients in whom 
arthrodesis would otherwise be difficult. 

Although this method of abduction arthrodesis is used in our Clinic, we have come 
to realize that it is a method which is not widely known. This was recently called to 
our attention by Kirkaldy-Willis and Mbuthia. These authors stated that one of them 
had been introduced to the method of abduction arthrodesis of the hip in the London 
Hospital in 1947 by Watson-Jones and Osmond-Clarke, who said that they used it in 
difficult cases, and they added that the method was “little known and may not have been 
recorded in the literature”. The paucity of reports on the abduction method of arthrodesis 
is in striking contrast to the numerous articles in which the intra-articular or extra- 


articular method, with or without bone grafts, is described. 


COMPARISON OF METHODS 
Review 

Eextra-articular arthrodesis for tuberculosis of the hip has long been an accepted 
method of treatment. Albee first described this method in 1919, and in 1929 published a 
review of thirty-one cases. He wedged tibial grafts between the greater trochanter and 
the ilium. Schumm modified this technique by placing tibial grafts beneath osteoperiostea! 
grafts from the ilium and the trochanter. Trumble in 1932 advocated ischiofemoral 
arthrodesis and placed a tibial graft between the upper portion of the femoral shaft and 
the ischium through a posterior approach. In 1941 Brittain also advocated ischiofemoral 
arthrodesis. He performed subtrochanteric osteotomy and shifted the femoral shaft 
medially by interposing a tibial graft between the fragments. A year later Bosworth 
reported a method in which he excised the proximal end of the femur and transplanted the 
shaft beneath the ischium in performing ischiofemoral arthrodesis. 

Intra-articular arthrodesis gained favor following Hibbs’ report of his method in 
1926. He used the greater trochanter as a graft which he reversed and wedged into the 
ilium. The following year Wilson described a method in which an iliac flap was turned 
down and inserted into a cleft made in the trochanter. In 1931 Ghormley advised using 
the iliac crest as a graft which could be slotted into the ilium, femoral neck, and trochanter. 
Chandler in 1933 reported a method whereby a large graft was removed from the upper 
part of the shaft and trochanter, reversed, and wedged beneath an iliac flap. In addition, 
cancellous bone was packed about the denuded upper surface of the head and neck of 
the femur 
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RELATIVE 
Pia. 3 
Drawings showing the relationship between the position of the femur and the passive tension 


developed in the adductor muscles. 
A: With the femur in neutral position, the adductor muscles are at rest length and exert no passive 


tension. 

B. C. and D: The head and neck of the femur have been excised and the greater trochanter has 
been placed in the acetabulum. With increasing abduction, the adductor muscles exceed rest length 
and passive tension is developed. The arrows indicate the direction of this impacting force. 


Key in 1926 was one of the first to advise removal of the involved femoral head. 
He secured fusion by inserting the trochanter under an iliac flap and obtained reinforce- 
ment by means of tibial osteoperiosteal grafts. Actual removal of articular cartilage 
and joint debris was reported by Henderson in 1933. An additional iliotrochanteric graft 
removed from the outer table of the ilium was used. Speed, in 1937, described an intra- 
medullary tibial graft which traversed the femoral neck. He used this in addition to the 
Wilson-type graft. 


VOL. 36-A, NO. 6, DECEMBER 1954 


1138 
) ( ree ) 
( / j 
\ 
| 
' | 
| 7 
| 
| 
Trochanter in Acetabulum 
of Adductors 
/ 
y 


1134 L. C. ABBOTT AND D. B. LUCAS 


Evaluative Comments 


With the exception of Bosworth’s ischiofemoral transplantation, all of these methods 
make use of a bone graft. All of them place the femur in a position of optimum function, 
while attempting to secure bony fusion. The time required for revascularization of tibial 


grafts is long, however, and during this period the ischiofemoral grafts frequently break. 
Iliotrochanteric grafts depend for their stability on an intact joint; with increasing absorp- 
tion of the head and neck of the femur, these grafts may displace and fibrous union may 
then result. Most of the methods reviewed are inadequate in cases in which there is 
massive destruction of the head and neck of the femur. For these reasons we have con- 


tinued to employ the abduction method for difficult cases. 


The Abduction Principle 


Abduction arthrodesis provides intimate contact between the raw cancellous surfaces 
of the denuded greater trochanter and acetabulum. Circulation to the apposed surfaces 
is excellent. A constant compressive force is maintained by the adductor muscles. When 
the femur is abducted about 100 degrees, the line of pull of the adductor muscles coincides 
with the direction of the shaft (Fig. 3, D). In abduction of 45 degrees the maximum 
force is still exerted along the shaft. As the femur is abducted, tension in the adductors 
is developed by passive stretch. This passive tension is transmitted axially to impact the 
femur against the acetabulum, thereby providing excellent contact and immobilization. 
Tightness of the adductors, which is usually seen in hip disease of long standing, thus 


materially aids in immobilizing the fusion site. 


PRESENT METHOD 


Indications 


Usually arthrodesis of the hip is performed to halt a disease process, to relieve 
pain, or to provide stability in the joint. Although most of our operations were performed 
on patients who had massive destruction of the hip joint following tuberculosis or pyo- 
genic infection, we now realize that abduction arthrodesis is also an excellent procedure in 
patients with destruction of the head and neck of the femur from other causes. We have 
used this method in non-union of the femoral neck followed by aseptic necrosis of the 
head; in cup arthroplasty with sepsis; in a long-standing, irreducible dislocation of the 
hip in a patient with tension athetosis; and in Legg-Perthes disease when another method 


had failed. Some of these cases are too recent for end-result evaluation. However, in all 
of them fusion is proceeding satisfactorily. Kirkaldy-Willis and Mbuthia are in accord 


with the indications mentioned for the use of abduction arthrodesis. 

It has often been said that, once the surgeon has performed a femoral replacement 
arthroplasty, he has burned his bridges behind him in the event that the prosthesis fails. 
We do not believe that this is the case, because the abduction method of arthrodesis is 
ideally suited for obtaining fusion in this type of case. In cases of degenerative joint 
disease, in which avascularity of the femoral head makes fusion difficult, this method 
may also prove to be the most satisfactory. At a later date we plan to publish the results 


of further experience with this method of arthrodesis of the hip. 


Modifications in Early Method 

Several modifications have been made in the method as now practised. Rarely is it 
necessary to correct the deformity by traction before surgery, because neglected cases 
are now seldom seen. As has been mentioned, some degree of adductor tightness is to be 
desired. We have also found that osteotomy can be safely performed much earlier than 
had been previously thought. In the paper by Kirkaldy-Willis and Mbuthia, it was advised 
that osteotomy be performed three to four weeks following the fusion operation. Naturally 
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this period depends somewhat on the age of the patient and on the initial disease process. 
We have found that the most suitable time is between four and eight weeks. The final 


Agster sior spine 


Pia. 5 
Fig. 4: A: The inset shows the line of skin incision. B; The drawing shows the skin and subcutaneous 
tissues reflected to show the underlying structures. 
Fig. 5: The capsule of the hip joint is exposed after detachment of the sartorius and rectus femoris. 


Fic. 6 Fic. 7 
Fig. 6: The joint capsule has been excised in its anterior and superior aspects, revealing in this case 
non-union and absorption of the femoral neck following an old fracture 
Fig. 7: After débridement of the joint, the greater trochanter is inserted into the acetabulum and the 
extremity is abducted until the adductor muscles tighten, impacting the two surfaces. The inset (B 
shows closure of the wound 
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Fig. 8 
Drawings made from the roentgenogram of a normal hip to show the actual amount of femoral 
shortening which would be obtained after, A, placement of the greater trochanter in the acetabu- 
lum and, B, subsequent subtrochanteric osteotomy 


decision depends on clinical evidence of early consolidation of the fusion site. The addi- 
tional hospitalization required by the method of gradually bending the callus no longer 
seems justifiable, since we have found that final positioning at the time of osteotomy 


is usually satisfactory. 


Operative Procedure 

With the patient supine, a routine Smith-Petersen incision is made to gain access to 
the hip joint (Figs. 4 and 5). The capsule of the joint is excised in its anterior and superior 
aspects in order to expose the intracapsular structures (Fig. 6). In the patient with 
tuberculosis or sepsis a thorough débridement of the joint is carried out, which includes 
removal of all acetabular articular cartilage. The remaining portion of the femoral neck 
is resected at its base, and the gluteal tendons are stripped off the greater trochanter and 
the adjacent part of the femoral shaft. With a curved gouge, the subchondral bone in 
the acetabulum is removed from the superior, anterior, and posterior surfaces, until 
healthy cancellous bone is seen exposed. The roof of the acetabulum is deepened slightly 
to permit better seating of the greater trochanter. The greater trochanter is then denuded 
of cortical bone and is placed in the acetabulum (Fig. 7). With the foot in lateral rotation 
of about 5 to 10 degrees, the thigh is flexed about 35 degrees and is slowly abducted until 
the adductor muscles tighten. The amount of abduction obtained will depend on the 
tightness of the adductor muscles before operation. Usually 45 degrees are necessary before 
the trochanter becomes impacted in the acetabulum. It should fit as snugly as possible. 
Any remaining space may be packed with cancellous-bone chips—removed from the 
adjacent ilium—to prevent ingrowth of fibrous tissue. The authors use a sterile instrument 
stand with an adapted gutter attachment to hold the extremity in position while the 
wound is being closed. A bilateral hip spica cast is applied, extending to the toes on the 
involved side and to the knee on the uninvolved side. Routine roentgenograms are made 
to check the position in the plaster. 

Six to eight weeks later the cast is removed and the hip is checked clinically and by 
roentgenograms. If the fusion site is solid, a transverse subtrochanteric osteotomy is 


carried out through the lower arm of the Smith-Petersen incision. 
The site of the osteotomy should be about five centimeters distal to the lesser tro- 
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chanter. If it is too high, the blood supply to the trochanter may be impaired. The peri- 
osteum is elevated only enough to expose the lateral cortex. Usually the bone is cut about 
three quarters of the way across and the medial cortex is fractured. The shaft is then 
adducted and displaced slightly inward, so that the medial cortex of the proximal fragment 
fits into the medullary cavity of the distal fragment, thereby locking the two and providing 
good contact (Fig. 9-C). While we prefer a position of abduction of 5 to 10 degrees, flexion 
of 35 degrees, and lateral rotation of 10 degrees, the final positioning of the extremity 
depends on the preference of the individual surgeon. A new bilateral hip spica cast is 
applied and the final position is again checked by roentgenograms. This cast is main- 
tained until the site of the osteotomy has healed. Weight-bearing is resumed gradually, 


and shortening is compensated with a heel lift. 

The average amount of shortening in our cases was 3.1 centimeters and varied accord- 
ing to the amount of bone destruction in both the acetabulum and the greater trochanter. 
If there has been no destruction, the amount of shortening will be about 2.5 centimeters, 
as shown in Figure 8. The total functional shortening will depend also upon the degree 
of fixed flexion and upon the ability of the patient to compensate by movement in the 


lower back. 


CASE REPORTS 


The following cases are illustrative of the method of arthrodesis of the hip in wide 
abduction. Case | represents a destruction of the hip due to injury. Case 2 illustrates 


massive destruction of the joint following tuberculosis. 


Case 1. A male, aged sixty-two, entered the Hospital in December 1953 for severe pain in his right hip, 
resulting from non-union of an old fracture of the femoral neck. His right lower limb from the hip to the 
knee was four centimeters shorter than the left as a result of poliomyelitis at the age of nine months. Roent- 
genograms of the pelvis showed resorption of the right femoral neck and diffuse osteoporosis. 

Arthrodesis in wide abduction was performed on February 11, 1954. The femoral head was discarded 
and the acetabulum was denuded of articular cartilage. The remnant of the neck was excised, and a snug 
fit of the greater trochanter in the acetabulum was obtained. A bilateral hip spica was applied, with the 
right lower limb in abduction of 70 degrees, flexion of 35 degrees, and external rotation of 10 degrees. 

On May 13 the cast was removed and a subtrochanteric osteotomy was performed. At the time of 
operation the fusion site was found to be solid. The extremity was adducted, and a new spica cast was 
applied with a final position of flexion of 35 degrees, abduction of 12 degrees, and external rotation 
of 10 degrees. At the time of writing the patient was still in immobilization, awaiting union at the site of 


osteotomy 


Case 2. A female, aged twenty-four, entered the Hospital in May 1947, complaining of pain and stiffness 
in the left hip. A diagnosis of tuberculosis of the hip had been made when she was thirteen years of age. 
After conservative therapy for a period of three years, she had minimal disability until pain and limitation 


of movement developed when she was twenty-two years old. 

Arthrodesis of the hip in wide abduction was performed on May 27, 1947. After excision of the joint, 
the trochanter was placed in the acetabulum, and bone chips were packed in the vicinity of the fusion site. 
A bilateral hip spica was applied, with the left extremity in abduction of 40 degrees. 

Subtrochanteric osteotomy was performed on October 3, 1947, four months later, through a window in 
the cast. No attempt was made to place the limb in a functional position at this time. The patient re-entered 
the Hospital a month later. At that time the cast was removed, and with traction the extremity was brought 
to a final position of flexion of 30 degrees and abduction of 5 degrees. 

When the cast was removed on February 27, three months later, the hip was ankylosed and there 
was solid fusion at the site of the osteotomy. The left extremity was functionally five centimeters shorte: 


than the right 


SUMMARY 


Abduction arthrodesis provides the following conditions favorable to union: a large 
area of contact between cancellous-bone surfaces with excellent circulation, firm appo- 


sition, and good immobilization. Important to the maintenance of contact at the site of 
fusion is the axial impaction provided by the tightness of the adductor muscles. 
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DISCUSSION 
Dr. Rupoien 8. Retcn, CLEVELAND, Onto: The method of Dr. Abbott and Dr. Lucas appears to be a 
radical departure from the many methods of intra-articular and extra-articular arthrodesis and yet it makes 
use of the prime principles necessary for success in arthrodesis of the hip. The most important principle is 
tight apposition of living and healthy bone and this is achieved by denuding the trochanteric and acetabular 
surfaces, which are adjacent. Firm fixation is accomplished by the position of abduction, which makes a 
compressing force of the adductor tendons acting through the shaft of the femur. The other essential prin- 
ciple for success in arthrodesis is complete immobilization. This is aided by the abducted position which 
causes the adductor tendons to compress the denuded surface of the trochanter against the acetabulum. 
Later, immobilization is aided by the osteotomy which effectively destroys the lever arm during the impor- 
tant period of consolidation of the arthrodesis. 

The osteotomy is best performed in the middle postoperative period, so that its position may be fol- 
lowed during the time of healing. This has proved useful because, in our experience, it is extremely difficult 
to maintain an optimum position, particularly with children, and many patients have required an osteotomy 
to correct a deformity after arthrodesis. The only apparent deterrent to this operation is residual shortening. 
In the cases which have been presented shortening was already present and would seem to me to be increased 
by the operation which superimposes a coxa vara on the pre-existing shortening. The authors describe an 
average shortening of 3.1 centimeters, which suggests that some patients had much more shortening. This is 
certainly not a serious situation in children, but the correction of limb-length discrepancy in adults requires 
more consideration, 

In studying the illustrations I was struck by the fact that the osteotomy in the sketch is at a higher 
level than on the roentgenograms of the patients reported. The authors advocate directing the osteotomy 
at some point below the hip, lest it jeopardize circulation, which in turn would influence the end result of 
the hip fusion. In view of the fact that the osteotomy is not recommended until there is assurance of arthrod- 
esis of the hip joint, I do not think that the site of the osteotomy would appreciably influence the circulation 
in the hip. Obviously the higher the osteotomy, the less sacrifice of limb length will result. 

The results reported by the authors and those of Kirkaldy-Willis and Mbuthia seem to indicate a higher 
percentage of successes, with a shorter period of immobilization than has generally been reported. 

The authors have recommended their operation for cases in which a prosthesis has failed; this is a new 
indication for the procedure. While we have had little experience with prostheses, I cannot help but feel that 
this is a very timely paper, if only for this single reason. 
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I wish to congratulate the authors for presenting a method of hip fusion which produces a greater per- 
centage of primary hip fusions and does not require bone-grafting or the use of metal for a successful 
arthrodesis. 


Dre. Warrer P. Blount, Mitwauker, Wisconsin: Dr. Abbott has outlined the various techniques 
of arthrodesing hips. His ingenious method is applicable particularly to children who have tuberculosis with 
marked destruction of the hip joint. I understand that his two failures in tuberculosis were cases in which 
sinuses and secondary infection were present. 

In such advanced cases, arthrodesis by any method is precarious, particularly when there is destruction 
of the greater trochanter. I should like to suggest instead the use of the bifurcation operation of von Baeyer 
and Lorenz. It was called the Gabelung or 
. “forking” operation when used in this way. 

An oblique subtrochanteric osteotomy is 
done and the distal fragment is angulated into 
abduction. The proximal end of this segment 
is thrust into or toward the acetabulum. The 
proximal fragment is adducted (Fig. A). An 
abduction cast is applied. This is removed as 
soon as the site of the osteotomy shows solid 
fusion and the patient begins walking with 
crutches. In some cases a bony ankylosis de- 
velops; in some there is a fibrous union. Either 
way, the patient's situation is much improved. 
The diseased material is not excised, but mo- 
tion is obliterated and healing is permitted. 

Dr. Abbott offers his arthrodesis for use 
also when an endoprosthesis fails. We all 
agree that in such «a case an arthrodesis is a 
difficult: procedure and that, to assure solid 
bony union, a method such as Dr. Abbott’s is 
justified. I should like to go a step further, 
however, and say that, if an arthrodesis is 
indicated, it should be done in the first: place 
instead of inserting an endoprosthesis. An 


endoprosthesis should be used only when there 
Pio. A is a definite contra-indication to arthrodesis, 

Bb. W., thirty-two years old. The patient had advanced 
tuberculous disease of the right hip with multiple draining : 
sinuses and general debility. The anteroposterior roent- tion to arthrodesis in the first place, the failure 
genogram of the right hip was made six years after a ‘“‘fork- of the first operation certainly does not con- 

ing” osteotomy in which the tip of the proximal fragment — stitute an indication for stiffening the hip. If 
was thrust into the acetabulum. The extremity was widely 
abducted, This compensated for shortening of ten centi- : 
meters. The patient walked much better and his general motion is still an important desideratum after 


physieal condition had improved greatly. The hip had the failure of the endoprosthesis. Either the 
climeally solid union patient should walk with crutches and accept 
the shortening, as they do following Girdle- 


a less mutilating operation which gives a more 
permanent result. If there was a contra-indica- 


motion was urgently necessary before, then 


stone s Operation, or some operation should be performed which preserves motion but at the same time 


diminishes shortening and provides stability 

Such an operation was described by me in 1943 * and has been used effectively by Milch 4 and Batch- 
elor.* It can be employed in this type of case unless there is a pre-existing knock-knee deformity. It consists 
of a one-stage double osteotomy comprising, first, resection of the head and neck and, second, a subtro- 
chanteric osteotomy with angulation medially and anteriorly and use of internal fixation. In a case reported 
by me”, with a ten-year follow up, the end result was good motion in flexion and extension but very little 


motion otherwise 


a. Biount, W. P.: Blade-Plate Internal Fixation for High Femoral Osteotomies. J. Bone and Joint Surg., 
25: 319-339, Apr. 1943 
Biount, W. P.: Proximal Osteotomies of the Femur. Jn Instructional Course Lectures, The American 
Academy of Orthopaedic Surgeons, 1952. Vol. 9, p. 15, Fig. 29. Ann Arbor, J. W. Edwards, 1952. 
Barcne.or, J. S.: Excision of the Femoral Head and Neck in Cases of Ankylosis and Osteoarthritis of 
the Hips. Proe. Roy. Soe. Med., 38: 689-690, 1945. 
Miten, Henry: The Resection-Angulation Operation for Arthritis of the Hip. J. Internat. Coll. Surg., 
13: 750-756, 1950, 

(Continued on page 1189) 
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HYPEREXTENSIBILITY OF THE PROXIMAL INTERPHALANGEAL JOINT 
OF THE FINGER FOLLOWING TRAUMA 


BY ROBERT B. PORTIS, M.D., LOS ANGELES, CALIFORNIA 


From the Veterans Administration Center, Los Angeles 


An unhealed avulsion of the palmar portion of the proximal interphalangeal joint 
capsule leads to a characteristic deformity and disability. The finger cannot be fully 
extended in the normal manner, because the proximal interphalangeal joint immediately 
subluxates into hyperextension and the distal joint falls into partial flexion (Figs. 1-A 
through 1-F). Hyperextension of the proximal interphalangeal joint is accompanied by 
herniation of the head of the proximal phalanx through an aperture in the palmar aspect 
of the capsule, which is bounded distally by the base of the middle phalanx and proximally 
by the edge of the avulsed capsule. The hyperextension of the proximal interphalangeal 
joint is then maintained by the bow-string action of the extensor tendons and at times 
by partial incarceration of the head of the proximal phalanx when the capsular aperture 
fits snugly about it. In some instances, the tense separate bands of the normally divided 


flexor sublimis tendon, lying laterally upon the palmar portion of the capsule, also grasp 
the head of the proxima! phalanx. In both of the cases presented here, hyperextension, 


which occurred when active extension of the proximal interphalangeal joint was attempted, 


could be reduced only by external assistance and the reduction was accompanied by an 


audible snap. The abnormal hyperextension of the proximal interphalangeal joint relaxes 


the extensor tendon mechanism for the distal interphalangeal joint. The flexor profundus 
tendon is no longer normally opposed and the distal joint falls into partial flexion. 

The deformity is not present if tne finger is relaxed, but it recurs whenever complete 
active extension is attempted. Flexion in the proximal and distal interphalangeal joints 
is usually normal, both actively and passively, unless other joint injuries are present. If 


the proximal interphalangeal joint is passively prevented from hyperextending, the distal 
interphalangeal joint will actively extend normally and completely. 


The abnormality in passive motion which is constantly present in these cases is hyper- 


extensibility of the proximal interphalangeal joint. At times as much as 90 degrees of 


extension dorsally is possible beyond a straight line. The usual average extent of hyper- 


extension of the proximal interphalangeal joint ranges from 0 to a little over 10 degrees. 


Mild increased hyperextension of the proximal interphalangeal joint has been shown 


in conditions other than avulsion of the palmar portion of the capsule and may be asso- 


ciated with flexion of the distal interphalangeal joint. Bunnell showed photographs of a 


similar but milder deformity in a “limber or double-jointed” hand. Such hyperextension 


may also occur gradually in cases in which the normally divided sublimis tendon has been 


resected too close to its insertion, as in the repair of a laceration of the profundus tendon 


in a finger. Hyperextension may also occur in the proximal interphalangeal joint following 
an unrepaired rupture of the extensor apparatus to the distal phalanx in drop-phalangette 
or mallet finger. A form of the deformity is sometimes found in rheumatoid arthritis in- 


volving the hand. 


Two cases of avulsion of the palmar portion of the capsule of the proximal inter- 


phalangeal joint have been explored surgically. The trauma in Case 1 was produced when 
a ball struck the tip of the finger and presumably hyperextended it sharply. In Case 2 
the finger was injured by the steering wheel in an automobile accident. In both instances 


the proximal interphalangeal joint was dislocated. After reduction, the fingers were treated 


by extension in tongue-blade splints for brief periods. This immobilization in extension 
apparently did not close the defect caused by the avulsion of the palmar aspect of the 
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Fie. 1-C 
Fig. 1-A: Case 1. Showing the little finger in the position 
of deformity 
Fig. 1-B: Lateral roentgenogram of the little finger in 
the position of deformity 
Fig. 1-C: Anteroposterior roentgenogram of the little 
finger in the position of deformity 


hyperextended, the head of 


flexion 


PORTIS 


capsule. The avulsion of this portion 
of the capsule may at times be asso- 
ciated with a chip fracture at the 
palmar aspect of the base of the mid- 
dle phalanx. As might be expected, 
injuries of the collateral ligaments may 
be concomitant with the capsular 
tears and lead to persistent lateral 
subluxation of the joint. 

Case 1. J.D., twenty-seven years old, was 
a patient at the Neuropsychiatric Hospital of 
the Veterans Administration at Los Angeles. 
On March 6, 1950, the patient caught a base- 
ball directly upon the tip of his right little 
finger. He stated that the first joint of the 
finger was dislocated backward, but he re- 
duced it himself. He was treated with a 
tongue-blade splint for two weeks. He soon 
noted that the finger snapped into an ab- 
normal position whenever he tried to extend it. 
The first joint overextended and the end joint 
flexed at the same time (Figs. 1-A, 1-B, and 
1-(’). The finger became fixed in this position 
and he could release it only by manipulating 
it with the other hand. The reduction was 
accompanied by a snap and was painful, as 
was the position of deformity. The discomfort 
became gradually more severe and moderate 
swelling persisted. 

Upon examination on November 
1950, the proximal interphalangeal joint was 
found to be moderately swollen and tender. 


12 


There was, however, extension to 45 degrees 
beyond a straight line passively. When the 
patient attempted to extend the finger ac- 
tively, the proximal interphalangeal joint sud- 
denly assumed a position of hyperextension at 
approximately 35 degrees beyond a straight 
line and the distal interphalangeal joint could 
not be actively extended beyond 155 degrees. 
When the proximal interphalangeal joint was 
passively prevented from hyperextending, the 
patient could actively extend his distal inter- 
phalangeal joint to 180 degrees. 

At surgical intervention on November 28, 
1950, a longitudinal mid-lateral incision was 
made in the little finger (Fig. 1-D). The flexor 
tendon sheath was incised longitudinally 
at the level of the proximal interphalan- 
geal joint. The flexor digitorum profundus 
tendon was retracted, so that the pathological 
condition was revealed. The palmar capsule 


of the proximal interphalangeal joint of the right ring finger was found to be completely avulsed from 
the base of the middle phalanx and was retracted proximally ; through the aperture Ww hich remained most 
of the head of the proximal phalanx could be seen when the joint was subluxated. Over the medial and 
lateral edges of the aperture lay the halves of the normally divided sublimis tendon. When the joint was 
the proximal phalanx herniated through the aperture and was grasped by 
the edges of the avulsed capsule and by the slips of the taut sublimis tendons. The extensor tendon ap- 
paratus dorsal to the joint spanned away from the bone and the distal joint assumed a position of slight 
As the proximal interphalangeal joint was reduced from its hyperextended position, the head of the 
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Fig. 1-D 

Drawing illustrating the pathological condition in Case 1, with the finger in the position of de- 
formity. Note the edges of the avulsed capsule, enclosing a portion of the head of the proximal 
phalanx 


Fie, 

Ijateral and anteroposterior roentgeno- 
grains of the finger in strong active extension 
after the period of rehabilitation. 


1-F 


proximjal phalanx snapped back through the 
oui and returned to its normal position in the joint. In the repair, the avulsed capsule was sutured with 
interrupted silk sutures to its normal insertion in the base of the middle phalanx after the edges had been 
freshened. This satisfactorily prevented hyperextension of the joint. 

The finger was maintained in moderate flexion by means of plaster-of-Paris immobilization until January 
#, 1951. At that time the proximal interphalangeal joint extended to about 165 degrees and flexed to 140 
degrees. Physical therapy consisting of heat and active and passive exercises was instituted. By July 15, 1951, 
seven months after operation, the range of motion included active flexion beyond 90 degrees and complete 
extension to 180 degrees (Figs. 1-F and 1-F). The distal interphalangeal joint extended actively to 180 
degrees. The patient reported only occasional mild discomfort and slight swelling. There was no tendency 
for the deformity to recur. Passive hyperextension of the proximal interphalangeal joint was now impossible. 
The patient could not be followed after his release from the Neuropsychiatric Hospital. 


Case 2. K. J. J., forty-three years old. The patient's left ring finger was examined on January 13, 1953, 
while he was convalescing from an emergency appendectomy at the General Medical and Surgical Hospital 
of the Veterans Administration at Los Angeles, California. He stated that, twenty years before, a car which 
he was driving had struck another car. The impact had apparently forced his hand ‘against the steering 
wheel and had dislocated the left ring finger at the proximal interphalangeal joint. The dislocation was 
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Fic. 2-A 

Figs. 2-A through 2-D: Roentgenograms of the left ring 
finger made just before surgery 

Fig. 2-A: Anteroposterior roentgenogram made with the 
finger In extension 

Fig. 2-8: Lateral roentgenogram, made with the finger 
in slight flexion, showing two small avulsed fragments of Fic. 2-B 
bone adjacent to the proximal interphalangeal joint. 


reduced and the finger was 
splinted in extension for a few 
days. 

In 1941, in the Army, the 
patient dislocated the same finger 
during physical training. Soon 
afterward he again dislocated it 
while catching a heavy box. 

Shortly before being exam- 
Fie, 2-C ined the patient had been having 


Lateral roentgenogram of the finger in spontaneous subluxation. a great deal of difficulty with the 
left ring finger. When he at- 
tempted to extend it completely, 
or if he knocked the tip of the 
finger lightly against anything, as 
in reaching into his pocket, the 
finger suddenly went into a dis- 
located position with the proximal 
interphalangeal joint fixed in hy- 
perextension and the distal inter- 
phalangeal joint somewhat flexed. 
These episodes were associated 


with pain. Reduction was effected 
only by manipulation with his 


Fic. 2-D 
Fig. 2-D: Lateral roentgenogram showing extent of maximum other hand. 
passive hyperextension of the proximal interphalangeal joint Anteroposterior and lateral 


roentgenograms of the left ring 
finger on January 18, 1953 (Figs. 2-A through 2-D), revealed two small areas of increased density lying near 
the volar aspect of the base of the middle phalanx; these represented bits of avulsed bone. Roentgenograms 
made with the finger in subluxation revealed the marked hyperextension of the proximal interphalangeal 
joint. The region of the proximal interphalangeal joint was moderately swollen symmetrically and diffusely 
tender 
Surgical intervention on January 20, 1953, was conducted under brachial plexus block anaesthesia. A 
longitudinal incision centering upon the proximal interphalangeal joint was made along the ulnar aspect 
of the ring finger in the mid-plane to avoid the nerves. Bleeding was controlled by a pneumatic tourniquet. 
The flexor tendon sheath was identified and incised, the flexor sublimis and profundus tendons being exposed 
at the proximal! interphalangeal joint. The flexor profundus was retracted laterally to expose the palmar 
surface of the proximal interphalangeal joint. A substantial defect was noted in the palmar aspect of the 
joint capsule, The capsule was avulsed from the base of the middle phalanx. A small fragment of bone was 
attached to the free edge of the capsule, and another small fragment was embedded within the site of avulsion 
at the base of the middle phalanx. The capsule itself was found to be detached from the middle phalanx. 
It was displaced proximally and folded under the head of the proximal phalanx. It was noted that with 
very little pressure the proximal interphalangeal joint suddenly fell into hyperextension and the head of 
the proximal phalanx herniated through the rent in the capsule and became fixed in this position. The two 
slips of the flexor sublimis tendon were tight about the neck of the proximal phalanx and the flexor profundus 
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Fig, Fig. 2-F 
Lateral roentgenograms, made on August 24, 1953, showing forced passive flexion and forced passive 
extension of the proximal interphalangeal joint. 


Fig. 2-11 
Photographs of the left ring finger, taken July 31, 
1953, showing the range of active motion, with no 
tendency toward subluxation, 


Fig. 2-G coursed between the condyles of the palmar aspect of the 
head of the proximal phalanx. The tension on the flexor 
profundus caused some flexion of the distal interphalangeal joint in this position. 

In repairing the defect the small fragment of bone was excised from the free edge of the avulsed capsule 
and, with moderate flexion of the proximal interphalangeal joint, it was possible to bring this edge to the 
base of the middle phalanx. Two small drill holes were placed through the medial and lateral thirds of the 
base of the middle phalanx in an anteroposterior direction. A wire suture was run through the free edge of 
the palmar capsule and was inserted through the drill holes, a pull-out wire being left for later removal of 
the suture. The ends of the wire suture were brought out dorsally and tied over a button. At this time it 
was seen that it was impossible to extend the proximal interphalangeal joint beyond 135 degrees. The 
proximal insertion of the palmar portion of the capsule upon the proximal phalanx was then stripped from 
the bone by sharp dissection and the capsule was allowed to shift distally until the joint extended to approxi- 
mately 170 degrees. The tourniquet was removed and hemostasis was obtained. The pull-out wire was 
brought through a needle hole in the palmar aspect of the finger. The wound was then closed in layers 
and a dry dressing with plaster-of-Paris immobilization was applied, the finger being maintained at approxi- 
mately 155 degrees of extension at the proximal interphalangeal joint. The pull-out wires were removed on 
February 10, 1953, but the finger was maintained in the same position of splinting for a period of six weeks 
from the time of surgery. Mobilization of the finger was assisted by physical therapy. The patient has 
gradually improved. 

On August 20, 1953, extension of the proximal interphalangeal joint was approximately 175 degrees 
actively, flexion was possible to 85 degrees, and the patient could bring the tip of his finger to within one 
centimeter of the middle palmar flexion crease. He had no feeling of instability in the finger and no pain. 
It was impossible to force the finger into the position of deformity. The patient was able to use the finger 
normally (Figs. 2-G and 2-H). The swelling and tenderness which had been originally present about the proxi- 
mal interphalangeal joint had almost completely disappeared. By December 4, 1953, the finger could be ex- 
tended actively to 175 degrees and flexed to 70 degrees at the proximal interphalangeal joint. There was no 


tendency for the deformity to recur. 
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Four reports concerning avulsion of the palmar portion of the proximal interphalan- 
geal joint capsule have been discovered in the literature. Bunnell showed a drawing of 
the typical deformity and described a case in which the proximal interphalangeal joint 
of « little finger was bent backward and dislocated while the patient was pushing a log. 
The reduction had been incomplete and a posterior subluxation of the middle phalanx 
remained, with the finger fixed in extension. The case differed from the two here presented 
in that the patient did not flex the joint in making a fist. The injury proved to be a com- 
aspect of the proximal interphalangeal joint capsule. Repair 


plete avulsion of the palmar 
and two months later the finger joints could be flexed almost 


was accomplished surgically 
normally. No mention was made of hyperextensibility. Roemer mentioned injury to the 
proximal interphalangeal joint with a resultant deformity similar to that in the cases 
described in this report. He showed photographs of a case and an anatomical dissection 
to demonstrate the probable mechanism of injury. Bate in 1945 described a similar condi- 
tion in the little finger of an aviator. In exposing the joint he used a longitudinal incision 
through the collateral ligament of the proximal interphalangeal joint. The rent in the 
capsule was sutured and the collateral ligament was repaired in such a way as to tighten 
the palmar portion. The instability and subluxation did not recur, and the patient was 


relieved of his disability. A flexion contracture at 160 degrees persisted in the proximal 
in 1936. 


anterior 
a finger 


interphalangeal joint. Two apparently similar cases were described by Kaplan 
He performed dissections on two cadavera and concluded that rupture of the 
capsule and of the collateral ligaments of the proximal interphalangeal joint of 
Was necessary to produce the characteristic deformity. In the cases reported in this series, 
the collateral ligaments appeared to be functionally intact and only the palmar aspect 
of the capsule was repaired. 

The type of deformity found in the cases described appears superficially to be due 
to a mechanism similar but opposite to the often reported buttonhole injury of the prox- 
imal interphalangeal joint, which occurs after avulsion of the middle slip of the long 
extensor tendon. Actually, however, the two conditions are not related at all. The defect 
in our cases was not in a tendon insertion but in the palmar aspect of the joint capsule. 

Injuries in the region of the insertion of the palmar portion of the proximal inter- 
phalangeal joint capsule into the base of the middle phalanx are not rare. According to 
Roemer, in a series of 800 lateral roentgenograms taken at random from the files of the 
shipyard First Aid Station at the Northern Permanente Hospital, there were nine definite 
and eight probable fractures of the palmar lip of the base of the middle phalanx, the site 
of attachment of the palmar portion of the capsule. 

The best treatment would seem to consist in immediate adequate reduction of the 
dislocation, if present, followed by sufficiently prolonged immobilization of the joint in 
moderate flexion. Late treatment, if necessary, consists in surgical suture of the avulsed 
capsule to the base of the middle phalanx and subsequent adequate immobilization and 
rehabilitation. This operation should usually not be undertaken for cosmetic reasons. 
The indications for surgery are persistent pain and swelling and sufficiently disabling 
instability in selected cases. 
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TISSUE-CULTURE STUDIES OF BONE * 


BY ROBERT D. RAY, M.D., PH.D., ROSCOE MOSIMAN, M.D., 


AND JOAN SCHMIDT, M.S., SEATTLE, WASHINGTON 


From the Division of Orthopaedic Surgery, University of Washington School of Medicine, Seattle 


The purpose of this paper is to describe several tissue-culture methods for studying 
bone-cell growth and differentiation and to present an application of these techniques in 
determining the viability of cells after storage by freezing. While this is not intended as a 
complete evaluation of the possible techniques for tissue culture of bone or for storage of 


bone as a viable tissue, cellular survival has been demonstrated by the methods described, 


following dehydration and slow freezing. 


METHOD 


Tissue-culture techniques for the study of bone growth and differentiation have been 
reported by Strangeways and Fell '7'".*°*, among others. The techniques used in the present 
experiment were based fundamentally on Fell’s method. However, several modifications 
were introduced. Two culture methods have been employed, the roller-tube technique 
and the Maximow slide-culture technique ***°. 

In the tube-tissue-culture technique, an ordinary test tube is used. The lower half of 
the tube is coated inside with a thin layer of chicken plasma, and the bone is anchored 
in place on the wall of the tube with a small drop of dilute chick-embryo juice. One to two 
milliliters of medium is added. The test tube, corked with a rubber stopper, is incubated 
horizontally at 37 degrees centigrade. The roller-tube apparatus '”, although not essen- 
tial, is a desirable instrument for incubating tube cultures, since with it continual washing of 
the tissue with nutrient fluid is possible. When the medium becomes acid f, the fluid is 
removed and replaced with fresh medium. Fairly rapid digestion of the clot occurs with 
young, vigorously growing tissue. However, the tissue can be transplanted into fresh tubes, 


or the plasma can be patched to re-anchor the tissue. 

The tube technique has several advantages: (1) Tissue viability can be determined 
quickly, since the fluid medium contains an indicator which facilitates the recording of pH 
changes; (2) chemical determinations (for instance, alkaline phosphatase) can readily 
be carried out on the fluid medium; and (3) daily observations of the cellular outgrowth 
from the bone can be made under low-power microscopy. On the other hand, there are 
several inherent disadvantages in this technique: (1) The method apparently supports 
the growth of fibroblasts at the expense of bone development; (2) when rapid fibroblastic 
proliferation occurs, it is necessary to transplant the tissue to fresh tubes frequently (a 
procedure not without technical difficulties); and (3) it is difficult to obtain satisfactory 
photographs or camera lucida drawings of the growing tissue. 

The use of “‘flying-cover-slip”’ cultures *' in large part eliminates the problems inher- 
ent in the simple tube-culture method (Fig. 1, A). The tissue, instead of being anchored 
on the wall of the test tube, is anchored by means of a plasma clot to the surface of a cover 
slip. The tissue fragments are spaced in a linear arrangement and the slip is inserted in 
the test tube. The tube is corked, and, approximately one hour later, two milliliters of 
nutrient fluid is added and the tube is incubated horizontally at 37 degrees centigrade. 
While microscopic observation is possible with a 3.2-millimeter objective, the chief ad- 


* These studies were carried out under National Institutes of Health Grant-in-Aid No. G-3523 (C). 

+ The term ‘‘acid”’, as used in the text, refers toa change in the color of the indicator, phenol red, added 
to the culture medium. The change from red (‘‘alkaline’’) to yellow (‘‘acid”’) occurred at pH 7.4 when 
checked with the Beckman pH meter. When specific hydrogen-ion concentrations are mentioned in the text, 
they were determined with the latter instrument. 
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A B 
Fig. 


A: Drawing to illustrate the ‘“flying-cover-slip’’ technique (actual size, 150 by 16 millimeters). 
B: Drawing to illustrate the Maximow deep-well culture method (actual size, 45 by 75 millimeters). 


vantage of this method is that the slip can be removed for photomicrographs and camera 
lucida drawings and for staining the tissue in situ. 

In the second method, the Maximow double-cover-slip technique, the tissue is planted 
in a plasma clot on the surface of a small cover slip, which is then fixed to the center of a 
larger cover slip by means of a drop of fluid. The latter is inverted over the well of a Maxi- 
mow slide and sealed into place with paraffin. The small cover slip can be removed at inter- 
vals and bathed in fluid medium without disturbing the tissue. For small pieces of tissue 
and for high-power microscopic study, this method is excellent. However, it is impractical 
for large pieces of tissue in which one wishes to observe both growth and differentiation. 

This method has been modified for large bone chips by planting the fragment on the 
surface of a large plasma clot established in the center well of a Maximow slide (Fig. 1, B). 
A cover slip is superimposed over the depression and sealed with paraffin, and the slide 
is incubated upside down to avoid excessive condensation of water on the inner surface 
of the cover slip. This type of slide culture, similar to Fell’s watch-glass technique, pro- 
vides an adequate surface area for growth and differentiation and at the same time avoids 
excessive proliferation of fibroblasts and rapid liquefaction of the plasma clot. Low-power 
microscopic observation of the explant is possible when the slide is viewed from the bot- 


tom, and serial camera lucida drawings or serial macrophotographs can be made. 


MEDIA 


Two types of media are used for tissue cultures: chemically undefined natural fluids 
and extracts, and chemically defined solutions. In the present study, only the first type of 
medium, with the exception of a defined salt solution, was used. The main ingredients 
included chick-embryo extract, horse or human serum, chicken plasma, and Hanks’ 
balanced salt solution®’. 

The chick-embryo extract was prepared from eleven-day embryos. These were re- 
moved aseptically from the eggs and homogenized in a sterile electric homogenizer. The 
homogenate was diluted with an equal volume of Hanks’ balanced salt solution. One hundred 
units of penicillin and 100 micrograms of streptomycin per milliliter of the mixture 
were added. The homogenate was centrifuged and the supernate was removed, dispensed 
in thirty-milliliter quantities, and stored at —18 degrees centigrade until needed. 

The chicken plasma was collected by drawing thirty milliliters of blood from the wing 
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vein or from the heart of a young rooster and mixing it with 0.15 milligram of heparin 
contained in a three-milliliter solution of heparin sodium. The blood was centrifuged, and 
the plasma was drawn off and stored in the refrigerator. 

Horse serum (Difeo) was used for culturing embryonic rat femora; human serum 
was used for the culture of human bone. The human serum was obtained by centrifuging 
clotted human blood. The serum was stored in the refrigerator until needed. 

The addition of antibiotics to the final medium — in addition to those added to the 
embryo extract — was optional. When they were added, the concentration was 100 units 
of penicillin and 100 milligrams of streptomycin per milliliter of final medium. Media were 
adjusted to pH 8.3 to pH 8.4 with 1.4 per cent. sodium bicarbonate. 

Concentrations of the nutrients were varied according to the method of culture em- 
ployed, as follows: 


Per cent. 


Tube Medium 


Chick-embryo extract 10 
Hanks’ balanced salt solution 10 
Horse serum or human serum 50 


. Double-Cover-Slip-Slide Medium 

Horse serum or human serum 50 
Chick-embryo extract 50 
Clot: two drops of the above mixed with 


two drops of chicken plasma. 


. Deep-Well-Slide Medium 


~ 


Horse serum or human serum 50 

Chick-embryo extract 50 
Clot: three drops of the above mixed with 

nine drops of plasma. 


PROCEDURE 


Embryonic Rat Femora 


Embryonic rat femora, seventeen to eighteen days old, were used in the initial experi- 
ments. At this age, the femur, composed primarily of cartilage, can be dissected free from 
the surrounding tissues with a minimum of difficulty, and yet it is young enough to exhibit, 
in tissue culture, subsequent growth and differentiation. With aseptic technique and use of 
fine forceps and iridectomy scissors, the hind limbs of the embryos were dissected in a 
Petri dish containing about twenty milliliters of Hanks’ balanced salt solution, transferred 
to another Petri dish containing five milliliters of Hanks’ solution, and the muscle and 
connective tissue were cleaned off under a binocular dissecting microscope. The femur was 
then ready for planting. The stripped bone was transferred with a wide-mouthed, bent- 
tipped pipette and deposited on the surface of the clot. Excess fluid was removed with a 
micropipette. When the deep-well-slide-culture method was used, the fibroblastic out- 
growth from the explant was trimmed every third to fifth day and the bone was trans- 
ferred to fresh medium. This was accomplished with the aid of microforceps and specially 
sharpened cataract knives. As noted by Fell and others '"*, the fibroblastic outgrowth 
must be kept at a minimum, since it not only depletes the nutrients of the medium, but 
also causes distortion of the bone. 


Human Cancellous Bone 


Fresh chips of human bone obtained at operation were placed immediately in Hanks’ 
solution, and, after the excess blood had been washed away in fresh Hanks’ solution, the chips 
were cut into pieces about 2.5 to 3.0 millimeters in diameter with Littauer suture scissors. 
Bone fragments less than 2.0 millimeters in diameter did not grow so well or so quickly 
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Macrophotograph 11) of eighteen-day embryonic rat femur 
maintained for six days in a flying-cover-slip culture. Note the “halo” 
of fibroblastic outgrowth, used as one index of survival of the implant 


appearance of the tissues on histological section. 


on culture as pieces which were slightly larger. The most successful method of initiating 


subsequent cellular outgrowth on slide cultures was comparable to that in the tubes. To 


of the culture media, the production of fibroblasts or other cellular outgrowth, 
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growth in the human bone fragments was found to be in tubes; little or no proliferation 
occurred when the fresh tissue was implanted in slide cultures. However, once growth had 
been established in tube cultures, it was possible to transfer the tissues to slide cultures; 


transfer the tissue, the old 
plasma clot and the cellular 
outgrowth surrounding the 
explant were first cut away, 
since retention of the old clot 
in making the transfer appar- 
ently inhibited the prolifera- 
tion of from the 


explant. 


new cells 


APPLICATION OF PROCEDURE 


The foregoing methods 
have been applied to test sur- 
vival of bone after preser- 


vation by the slow-freeze 
method 5 Bone chips 
were bathed for two to three 
hours in 15 per cent. glycerol 
in serum at room temperature. 
They were then placed in vials 
containing 15 per cent. glye- 
erol in serum and these were 
hermetically sealed. In 
cordance with Smith’s 

nique, the vials were sus- 
pended in a Dewar flask con- 
taining 95 per cent. ethyl alco- 
hol. To this was added pow- 
dered carbon dioxide, so that 


ac- 


tech- 


the temperature was lowered 
at a slow, fairly constant rate 
— approximately one degree 
centigrade every minute, from 
room temperature to 0 de- 
grees centigrade and from 0 
degrees centigrade to —78 de- 
grees centigrade in successive 
with three to four 
stage. The 


stages, 


minutes at each 


bone was stored at —78 degrees centigrade and later rapidly thawed at 40 degrees centi- 
grade in a water bath, bathed in Hanks’ salt solution, and immediately planted in tissue 
cultures, the tube or the flying-cover-slip type of culture being used. Control cultures 
of unfrozen femora, bathed for two to three hours in a glycerol-serum bath or in Hanks’ 
solution before being cultured, were carried out simultaneously. 

Viability was determined by gross changes in size of the explants, lowering of the pH 


and the 
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Fic. 3 
Photomicrograph (X 1100) of typical ‘“healthy”’ fibroblasts occurring in the outgrowth from an 
eighteen-day embryonic rat femur, maintained for eleven days in a flying-cover-slip culture. (May-Griin- 


wald-Giemsa stain.) 


Fic. 4 
Photomicrograph ( 1100) of degenerating fibroblasts in the outgrowth from an eighteen-day embry- 
onic rat femur, maintained for ten days without fluid change in a flying-cover-slip culture. The figure 1l- 
lustrates the rounding of the cytoplasm (‘‘balling’’), appearance of vacuoles and granules in the eyto- 
plasm, and loss of nuclear detail. (May-Griinwald-Giemsa stain.) 
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RESULTS 
Gross Changes in Size 
Measurements of the 
length of normal eighteen- 
day embryonic rat femora 
have been carried out at in- 
tervals on twenty-six cultures 
(Table I). The majority of 
the cultures were of the deep- 
well-slide type, although a 
few double-cover-slip cul- 
tures were also used. Most of 
the cultures were terminated 
between the ninth and the 
fourteenth day, sinee the 
femora reached a maximum 
length during this interval. 
With further incubation, they 
increased only in width. 
i At onset, the eighteen- 
Photomicrograph ( 500) of fibroblastic outgrowth from eighteen- day embryonie pomare varied 
day embryonic rat femur after storage for ninety-seven days at —78 from 3.35 millimeters to 4.25 
pss centigrade and subsequent culture for three days on a flying millimeters in length; at the 
sips end of two weeks of tissue 


culture, they varied from 4.35 millimeters to 5.6 millimeters in length. The greatest incre- 
ments were observed in the first twelve cultures (Cultures No. 22a through 7e, Table I), 
while increases in length of the femora on the last fourteen cultures were considerably less. 
The variations in growth can be explained in part by the distortion which occurred during 
culture 

After storage at temperatures of —78 degrees centigrade for intervals up to ninety- 
seven days, the femora lacked the tissue translucence of the controls and were chalky and 
opaque in appearance, Subsequent growth was inhibited; there was no evidence of increase 
in length of the frozen femora in any of the cultures. All cultures were of the tube type, 
since growth could not be obtained with the slide-culture technique. 

Human bone chips, both untreated and frozen, showed no changes in size following 
tissue culture. Growth was confined to cellular outgrowth from the explant. 


Changes in pl 
As noted previously, the medium had been adjusted initially to a pH of 8.3 to 8.4. 
Incorporated in the medium was an indicator, phenol red, which was red at the initial pH 
and gradually changed to yellow during incubation of the cultures. In the case of the un- 
treated rat femora, the indicator changed to yellow by the third to fifth day of incubation, 
at which time the pH of the cultures ranged between 7.1 and 7.6. Following slow freezing 
of the femora, however, the change in the pH of the medium was retarded, apparently in 
proportion to the exposure time: exposure from three minutes to forty-eight hours re- 
tarded the change about twenty-four hours; storage at —78 degrees centigrade for fifty- 
live days retarded the change approximately six days; no change in pH of the media was 
observed in the cultures of the femora stored for eighty-four and ninety-seven days at —78 
degrees centigrade (Table Il 
The medium for culturing human bone was adjusted to the same initial pH, and, by 
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the third to seventh day of incubation, the pH 
changed to 7.2 to 7.6. The change in pH lagged 
behind cellular outgrowth, and in several cultures 
did not occur until the seventh day. Treatment of 
the bone for one to three hours in Hanks’ salt 
solution had no apparent lag effect on the change 
in the pH of the medium; treatment with glycerol- 
serum caused a lag of five to six days in the change, 
but this was not as great as the lag which occurred 
following storage at —7S8 degrees centigrade 


(Table IT). 
Fibroblastic Proliferation 
A “halo” of cellular outgrowth from the | 
periphery of the embryonic rat femur occurred as 
early as twenty-four to forty-eight hours after 
culture (Fig. 2). The predominant cell in this halo | 
was a typical fibroblast, with an elongated nucleus | 
and stellate cytoplasmic processes (Fig. 3). In cul- 
tures in which the medium had not been changed 
at regular intervals these cells developed granular 


became vacuolated — changes which were inter- 
preted as evidence of cellular degeneration (Fig. 


cytoplasm and became rounded, or the cytoplasm | 
4). There was no evidence of osteoid matrix or of | 
collagenous fibrils in the outgrowth (in contrast to 
the outgrowth from adult human bone). 


After being frozen and stored at —78 degrees | 


centigrade for periods up to three months, the em- | 
bryonic rat femora were still viable, as evidenced Fic. 6 
by the cellular outgrowth (Fig. 5). However, dele- Macrophotograph (X 38) of normal eight- 


een-day embryonic rat femur used as control. 
terious effects were observed following this treat-  (\fallory azan stain.) 


ment. Exposure for three minutes at —78 degrees 
centigrade caused a lag in the appearance of the fibroblasts of approximately six hours. 
After storage at —78 degrees centigrade for twenty-four hours or longer, attempts to culti- 
vate the femora on slide cultures were no longer successful. In tube cultures, in addition 
to the delay in the outgrowth of fibroblasts, subsequent cellular proliferation, although sue- 
cessful, was slow; the outgrowth occurred in a haphazard fashion from isolated loci (rather 
than radiating from all points as in the control femora), and many of the cells had granular 
cytoplasm. A single exception occurred in the femur preserved for ninety-seven days and 
cultured with use of the flying-cover-slip method. In this instance, the fibroblastic out- 
growth approximated that of the controls, and the cytoplasm of the cells did not appear 
granular. 

Fibroblastic proliferation did not occur in less than seventy-two hours of incubation 
in the cultures of untreated adult human cancellous bone. The use of heterologous serum 
in the medium apparently was an impediment to growth. Not only was there a delay in 
fibroblastic proliferation, but varying degrees of fibroblastic degeneration were observed. 
It was difficult to obtain growth of fresh bone chips with the slide-culture method, and the 
few fibroblasts produced were granular and degenerated in appearance. Once growth had 
been established in a tube culture, however, the explants could be transferred to a slide 
culture successfully. 

With tube cultures of fresh humar. cancellous-bone chips, outward migration of blood 
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Photomicrograph (< 230) of the perichondral-periosteal junction of a normal eighteen- 
day embryonic rat femur illustrating the histological appearance of the zone of endochon- 
dral ossification. (Mallory azan stain.) 


cells (leukocytes) occurred. When the tissue had been bathed initially in glycerol-serum 
before being cultured, many of the leukocytes were destroyed. A typical fibroblastic halo 
was laid down around each explant by the fourth or fifth day of incubation. 

Tube cultures of human adult cancellous bone stored at —78 degrees centigrade for 
periods up to seventy-seven days revealed that the bone remained viable, but the tissue 


had apparently been damaged by low-temperature preservation. As in the case of embry- 


onic rat bone, the rate of cellular outgrowth was definitely diminished. Tissue cultures of 
bone stored at —78 degrees centigrade up to eleven days showed only a few fibroblasts 
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between the fourth and sixth day 
of incubation, the number of 
fibroblasts increasing slightly by 
the eleventh day of culture. The 
initial fibroblasts were granular 
and degenerative in appearance. 
However, with continued culture, 
some explants recovered from the 
damage inflicted by low-temper- 
ature preservation, and subse- 
quent growth of the fibroblasts 
assumed a normal pattern: a 
typical fibroblastic halo formed 
around each explant; the cells 
proliferated rapidly and appeared 
agranular. 

Two of three tissue cultures 
of human bone stored at —78 de- 
grees centigrade for seventy-seven 
days showed only a few fibro- 
blasts after twenty-two days of 
incubation, and no further out- 
growth was observed. 


Histological Studies 


At eighteen days, the general 
contour of the embryonic rat 
femur is” established — femoral 
condyles, greater trochanter, and 
head (Fig. 6). A single center of 
ossification is present in the mid- 
dle of the diaphysis, with a zone 
of vascularization extending across 
the shaft. Beneath the periosteum 
in this region, there is a thin ring 
of osteoid matrix and a few cells 
are incorporated within the ma- 
trix. Within the zone of ossifica- 
tion, the vesicular cartilage cells 
and the intercellular matrix are 


Fic. 8 
replaced by vascular elements. 


The ention Macrophotograph (X 38) of an eighteen-day embryonic rat 

1e entire zone Is approximately femur after fourteen days in deep-well-slide culture. The figure 

0.225 millimeter in length. On illustrates the increase in size of the bone (compared with Fig. 6), 
‘ the increase in width of the zone of ossification, and the sub- 

either side of it there is a zone of periosteal-subchondral proliferation. (Mallory azan stain.) 
vesicular cartilage cells in which 

the lacunae of the cells are large, the cytoplasm of the cells is vesicular in character, the 


nucleus is large with a prominent nucleolus, and the intervening intercellular matrix is 
present only as a network of fine trabeculae. This zone is approximately 0.168 millimeter 
wide. Distal to it, the cartilage cells are arranged in columnar fashion; the nuclei of the cells 
are small, ovoid, and basophilic; and there is abundant matrix between the lacunae (zone 
of proliferation or basophilic cells). This zone extends toward either epiphysis. At this stage 
of development, no centers of ossification have been established within the epiphyses; the 
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Photomicrograph (X 230) of the zone of endochondral ossification of the eighteen-day 
embryonic rat femur illustrated in Fig. 8. The figure shows the production of osteoid 
matrix at the periosteal-perichondral junction. (Mallory azan stain.) 


cells are arranged in the haphazard fashion characteristic of embryonic hyaline cartilage. 
The two layers of the perichondrium and periosteum are well defined (Fig. 7). 

After culture for fourteen days, the embryonic femur retained its general configura- 
tion (Fig. 8). The zone of ossification was approximately 0.498 millimeter in length. In 
addition to the peripheral subperiosteal osteoid ring, there were areas of osteoid matrix 
within the diaphysis. The myeloid elements, however, were not as distinct as in the uncul- 
tured femur. The zone of vesicular cells was narrowed and the nuclei of the cells were 


pyknotic in character. The zone of proliferation (basophilic zone) was less clearly demarked 
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than in the control; the lacunae of the cells in this area were larger and the nuclei of the 


cells were pyknotic. The cells peripherally arranged in the epiphyses at either end of the 


diaphysis appeared normal and nuclear detail could be seen. There was evidence of pro- 
liferation of the cambium layer of the perichondrium and periosteum, and, within this 


layer, abundant collagenous fibers could be distinguished. The outer layer of the periosteum 


persisted as a dense, longitudinally arranged, fibroblastic membrane (Fig. 9). 


As noted previously, the frozen embryonic rat femora did not increase in length on 


culture, but fibroblastic proliferation was observed. Histological sections revealed a slight 


increase in the width of the zone of ossification, 0.305 
millimeters, compared with 0.225 for the controls (Fig. 
10). In the zone of ossification, there were a few areas 
of eosinophilic-staining matrix where nuclear detail of 
the cells could be made out (Fig. 11). However, the 
cartilage cells in the zones of proliferation and vesicu- 
lation showed evidence of degeneration, with deeply 
staining, pyknotie nuclei and little or no cytoplasm 
(Fig. 12). Within the layers of the periosteum and 
perichondrium, there were occasional fibroblasts, but 
evidence of proliferation was not so marked as i:. the 
preceding group. 

In cultures of fresh human cancellous bone, the 
lacunae of the bone fragments appeared empty, cellu- 
lar growth apparently originating from the superficial 
cells. The predominant cell type was the fibroblast. 
Collagenous fibers were present. In some areas, there 
Was apparent coalescence of the fibrils and the appear- 
ance of an eosinophilic matrix resembling the “osteoid ”’ 
seen in “primary” **4? bone formation. In some of 
these areas, the cells appeared epithelioid in character 
(Fig. 13). In addition to the foregoing cell types, occa- 
sional plasma cells, tissue eosinophils, macrophages, 
and lymphocytes were observed. 

In the cultures of human bone, frozen and _ pre- 
served at —78 degrees centigrade prior to culture, 
similar cell types, as well as osteoid matrix, may be 
found on examination of the histological sections 
(Fig. 14). 
DISCUSSION 
Behind this quest for a method of investigation 
lie many unanswered questions concerning the prob- 
lem of bone transplantation. Past attempts to answer 
these basic questions have resulted in several hypothe- 
ses which, in one form or another, have governed the 
surgeon’s attitude toward bone-grafting since the turn 
of the century. One hypothesis holds that fresh autog- 
enous bone grafts can serve as a source of transplanted 


10 


Macrophotograph (X 38) of an eight- 
een-day embryonic rat femur following 
storage for ninety-seven days at 78 
degrees centigrade and subsequent cul- 
ture for three days on a flying cover 
slip. The figure illustrates the increase 
in width of the zone of ossification. 
(Mallory azan stain.) 


cells and that these cells may be of major importance in bridging bone defects, — that is, 


that the graft plays an active role in the process of repair. 


The second hypothesis holds that 


bone grafts become acellular in the first postoperative weeks and undergo creeping sub- 


stitution, being replaced by new bone derived from the surrounding bed. According to 


this theory, the graft plays a passive role in the process of replacement. A third theory 
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Photomicrograph (X< 1280) of the perichondral-periosteal junction of an eighteen-day 
embryonic rat femur, following storage for ninety-seven days at —78 degrees centigrade 
and subsequent culture for three days on a flying cover slip. The figure shows the appear- 


ance of the new “osteoid” matrix. (Hematoxylin-eosin stain.) 


suggests that the graft, although dead, may in some way stimulate the host cells to form 
that is, that the graft plays an active role in bone replacement independent 


new bone, 
of its cellular survival. 

A vast amount of experimental evidence has been accumulated over the years to prove 
that autogenous bone cells will survive and proliferate when transplanted to ectopic sites 
in the body 8.6! "The tissue-culture experiments of Fell and coworkers, as well 
as the present experiments, further verify the fact that cells of transplanted bone can 
survive and proliferate tn vitro. It is apparent that nm vive survival of the cells is dependent 
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Fig. 12 
Photomicrograph ( 230) of the perichondral-periosteal junction of an eighteen-day 
embryonic rat femur, following storage for ninety-seven days at —78 degrees centigrade, 
cultured for three days on a flying cover slip. Cellular degeneration, pyknotic nuclei, 
and disappearance of cytoplasm are evident, but there is some fibroblastic proliferation. 
(Mallory azan stain.) 


upon the diffusion of tissue fluids through the graft and early establishment of circulation 
to the graft “-*. It is because of these considerations that cancellous bone has been ad- 


vocated in preference to cortical bone whenever survival of the cells is deemed more im- 
portant than internal fixation ! 

Although the question of survival of the cells of autogenous grafts has been answered, 
the question of cellular survival in the case of homogenous bone grafts is still far from 
settled. Experiments now in progress in this laboratory indicate that fresh homologous 
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Photomicrograph of untreated human cancellous bone (X 1040), grown in a regular tube culture for 
seventeen days, shows the appearance of the new osteoid matrix and the “epithelioid” cells. (Hema- 
toxylin and eosin stain.) 


Fig. 14 

Photomicrograph of human cancellous bone ( 1040) frozen for forty-eight hours at —78 degrees 

centigrade and then maintained for seventeen days in a regular tube culture. Note the production of 
osteoid matrix. (Hematoxylin and eosin stain.) 
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bone participates in a homologous tissue reaction similar to the reaction described for 
skin 7“. This may explain the clinical observation that fresh autogenous bone grafts are 
usually more successful than fresh homogenous grafts. 

With regard to the second theory, it has been established beyond reasonable doubt, 
both clinically and experimentally, that dead bone, whether autogenous, homogenous, or 
heterogenous * 4:5 1%, 21. 24, 40, 36, 87, 42, 44, 4, 48.49 as well as synthetic hydroxyapatite crystals ™ 
will, when placed in skeletal defects, be replaced by new bone. Obviously, from dead bone 
no cellular outgrowth can occur, and it was concluded that the graft under such cireum- 
stances did not “induce” osteogenesis. In recent years, however, this conclusion has 


been questioned. It has been suggested that such grafts can induce bone formation or 
metaplasia of the local connective-tissue cells °. In support of this theory, Urist and McLean 


have reported that autogenous grafts, after being frozen for three minutes in carbon 
dioxide, or boiled for three minutes in normal saline solution will induce bone growth when 
transplanted to the anterior chamber of the eye ®’. However, the origin of the bone in 
these and similar experiments is open to question. It must be established that trauma or 
infection incident to the operation is not the factor responsible for initiating bone forma- 
tion and also that the cells of the implant are dead. Tissue culture — although its artificial- 
ity throws cellular mechanisms under considerable stress — allows a method of observa- 
tion of cellular growth and differentiation in which the origin of the cells and their via- 


bility cannot be questioned. 

Another series of experiments to support the “induction” theory of bone formation 
has been based on injection of extracts of bone into soft tissues, with ensuing ectopic bone 
formation? ® ®, That bone formation occurs after such injections, following necrosis in- 
duced by trauma or injection of aleohol *’, or in ectopic sites under a variety of clinical 
conditions (surgical sears, atheromatous plaques, caseous tubercles, and others) still fails 
to explain the various factors controlling metaplasia of the primitive connective-tissue 
cells into cells with osteogenetic potentialities. Tissue cultures offer an excellent method of 
studying the possible extrinsic factors involved in cellular metaplasia. 

The advent, in recent years, of bone banks '* ®. **. @ has stimulated interest in the use 
of homogenous bone in the surgical repair of skeletal defects. Bone preserved by the usual 
methods is probably not viable *. However, in the preceding experiment it has been dem- 
onstrated that, when bone is frozen under the conditions described and then thawed and 
cultured, cellular outgrowth occurs and an extracellular matrix is formed, with staining 
characteristics similar to osteoid. It should be emphasized, however, that, while the find- 
ings are of interest in the general field of tissue preservation, it is not likely that the method 
will be of clinical value (except possibly in the rare case requiring a delayed autogenous 
transplant) until a means can be found to control the tissue reaction which probably occurs 


in response to homologous grafts of viable bone. 
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HISTOCHEMICAL STUDIES OF CARTILAGE IMPLANTS * 
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From the Departments of Oral and Mazillofacial Surgery, Applied Materia Medica and Orthodontia, 
College of Dentistry, and the Department of Surgery (Plastic), College of Medicine, 
University of Illinois, Chicago 


INTRODUCTION 


In some procedures in orthopaedic and plastic surgery implanted cartilage is used. 
The fate of these implants has been traced principally by histological studies which have 
emphasized morphological changes in the cartilage cells, the matrix, and the contiguous 
tissues of the host. Recently metabolic studies and the subject of cartilage and cartilage 
implants have been reported * and reviewed "'. 

From clinical experience it has been determined that cartilage autografts persist for 
longer periods than preserved homocartilage or preserved heterocartilage. While the 
presence of viable chondrocytes may be important for the survival of the implant, it 
appears that other factors are also implicated. Notable among these are the initial physi- 
cochemical state of the cartilage ground substance and the interaction between the host 
tissues and the cartilage matrix. 

The ground substance of cartilage contains a carbohydrate-protein complex which is 
believed to be highly aggregated '®°. Under certain physiologica! and pathological con- 
ditions the solution of cartilage is accompanied by a disaggregation of this material '?°, 
These results suggested that similar processes might occur in the ground substance of 
implanted cartilage. 

To study this problem some histochemical techniques were applied in the investiga- 
tion of costal cartilage and cartilage implants in the rabbit. 


MATERIAL AND METHODS 


Sixteen female albino rabbits, approximately two and one-half kilograms in weight 
and sixty-three days of age**, were used in this study. Eleven experimental animals were 
grouped according to the duration of cartilage implantation—fourteen, thirty, sixty, 120, 
180, and 270 days. Generally, there were two animals for each age group. Each animal 
received one fresh and one boiled costal autocartilage implant. These henceforth will be 
referred to as “autografts” and “boiled autocartilage”’’ respectively. Control material 
consisted of the opposite sixth costal cartilage in animals with implants, the sixth costal 
cartilage from each of five animals sixty-three days of age and from two animals forty-two 
days of age without implants. Thus a total of forty-seven specimens were studied: eighteen 
non-boiled costal cartilages, seven boiled costal cartilages, eleven autografts, and eleven 


boiled autocartilage implants. 


Surgical Procedures 


The animals were anaesthetized with an intravenous injection of two to three cubic 
centimeters of a 3 per cent. solution of pentobarbital sodium. Under aseptic conditions, 
approximately two centimeters of the sixth costal cartilage without perichondrium was 


* This investigation was supported in part by research grants from the National Institutes of Health, 
U.S. Publie Health Service, the Graduate College Research Board of the University of Illinois, and the 
Department of the Army, Surgeon General's Office (DA 49-007-MD 17 

| Revision of thesis submitted as partial fulfillment of the requirements for the degree of Master of 
Science in Oral Surgery in the Graduate College at the Chicago Professional Colleges of the University of 
Illinois, May 28, 1952 

** Ages of animals are correctly stated within seven days. 
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removed and cut into two equal pieces. One piece was implanted immediately into an 
abdominal subcutaneous pocket on the right side. The other piece was implanted into a 
similar pocket on the left side after having been placed in boiling distilled water (approxi- 
mately pH 6) for not less than fifteen minutes. 

After the desired period of implantation, the animals were sacrificed by the injection 
of air into the marginal vein of the ear and the implants were immediately removed with 
their surrounding connective tissue. The opposite sixth costal cartilage was removed and 
used as a control. 


Preparation of Tissues 

Fixation of all cartilage was by freezing-drying. Tissues were immersed in isopentane 
chilled in liquid nitrogen at — 140 to — 155 degrees centigrade. They were then dehydrated 
in vacuo at a temperature maintained at —30 degrees centigrade for a minimum period of 
five days. 

After the removal of tissues from the freezing and dehydrating apparatus, they were 
infiltrated in vacuo with paraffin (melting point 55 to 56 degrees centigrade) and cut in 
cross sections at four to sixteen micra. They were then placed on albuminized slides, 
except in special procedures, and carefully flattened with finger pressure after being gently 
heated over a hot plate. Sections were deparaffinized in petroleum ether for ten minutes. 
The tissues were then denatured in absolute ethyl alcohol for at least twelve hours before 
being stained. 


Histochemical M ethods 


The method of Hotchkiss and McManus was used to localize carbohydrate-protein 
complexes and glycogen in the cartilage sections. Polysaccharides, glycoproteins, glyco- 
lipids, some uronic acids, simple sugars, and free aldehydes all react positively with the 
periodic-acid-Schiff reagents. Preliminary treatment of tissue sections with certain 
reagents and enzymes enhanced the specificity of the method *®. The distribution of 
glycogen was determined by noting the location of red-staining granules which could be 
removed by incubation with 6-amylase at 37 degrees centigrade. 

Some tissues were stained for metachromatic substances with toluidine blue (1:80,000 
and 1:17,500). Tissues were immersed in the dye for periods up to twenty-four hours and 
the wet preparations were examined. 

Identification of other tissue components was also attempted by use of other enzymes 
prior to staining. Some preparations were treated with hyaluronidase or collagenase * 
before staining. This was done by placing the tissues in well slides containing the enzyme 
solutions. The hyaluronidase solution contained 150 turbidity-reducing units per cubic 
centimeter in 0.15 molar sodium chloride solution at pH 6. Collagenase was made to a 
concentration of one milligram per cubic centimeter in Palitsch borate buffer, pH 7. The 
buffer solutions alone were used on neighboring sections which served as controls. The 
slides were incubated at 37 degrees centigrade for one hour with the hyaluronidase and 
for one to twenty-four hours with collagenase. Toluidine blue was used to stain tissues 
treated with hyaluronidase; preparations treated with collagenase were stained with 
the periodic-acid-Schiff reagents. 

The method of Gersh, with minor modifications, was used to localize phosphate or 
carbonate, or both. Briefly this involved the use of a 60 per cent. silver-nitrate solution 
saturated with phosphate and chloride ions. The precipitated silver salts were visualized 
by reduction with ultra-violet light. Morphological details were also studied in sections 
stained with hematoxylin and eosin. 

* Collagenase supplied through the courtesy of Dr. R. O. Thomson, The Wellcome Research Labora- 


tories, Bechenham, Kent, England. This is a preparation made from Clostridium welchii toxin which contains 
only traces of hyaluronidase. 
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All tissues were fixed by freezing-drying. The blocks were embedded in paraffin and cut at six micra 
in most cases. The sections were deparaffinized in petroleum ether and denatured in ethyl aleohol before 
being stained. When phosphate-carbonate was demonstrated, sections were made at sixteen micra and 
deparaffinized in anhydrous petroleum ether just before treatment with the silver reagent. 

1, artefact; C, central zone; CO, collar; F, fibroblast; /, intermediate zone; P, peripheral zone; 
perichondrium 


Kia. 1-A 


Sections ( 50) stained with hematoxylin and eosin to show morphological details. 

Fig. 1-A: Non-boiled autograft, 270 days after implantation, showing chondrocyte groups in the 
central zone embedded in an optically homogeneous basophilic matrix and surrounded by unstained 
capsules. The matrix bordering the intermediate zone is intensely basophilic. The matrix between the 
two borders is for the most part unstained. The cells in the peripheral zone show transition from spindle 
to oval shape 

Fig. 1-B: Boiled autocartilage, 270 days after implantation. Only remnants of cells remain. The central 
zone stains faintly basophilic. The collar stains intensely basophilic. The intermediate zone is absent. 


OBSERVATIONS 
A. Histological Characteristics of Costal Cartilage and Implants 

Cross sections of costal cartilage were studied in order to compare the morphological 
and histochemical characteristics in (1) fresh and boiled cartilage, and (2) implanted 
boiled and non-boiled cartilage (Figs. 1-A and 1-B). 

An arbitrary division of the cartilage into central, intermediate, and peripheral zones 
was made. The central zone showed closely packed polyhedral chondrocytes in younger 
cartilage and oval hypertrophic chondrocytes in older cartilage. The nuclei of the cells 
were basophilic, oval, and reticulated. The cytoplasm of the chondrocytes was clear. The 
cell groups were surrounded by a refractile region, the cartilage capsule or pericellular 
halo. An intensely basophilic matrix surrounded the capsules. The rest of the matrix pre- 
sented lesser degrees of basophilia. 

The chondrocyte groups in the intermediate zone were usually widely separated, 
giving the appearance of ‘cell islands’’. In the regions of the internal and external borders 
of this zone, the matrix was characterized by clear, finger-like processes which partially or 
completely enveloped cell groups. The stained matrix in the internal and external borders of 
this zone surrounding the finger-like processes was intensely basophilic. The costal carti- 
lage removed from animals sixty-three days of age usually did not present this zone, but 
it was differentiated at seventy-seven days. In autografts, it was differentiated at fourteen 
days after implantation (or seventy-seven days of age) and in boiled autocartilage im- 
plants it was usually absent. 

The peripheral zone was subdivided into the oval-cell and flat-cell layers. The chon- 
drocytes presented transitional morphological characteristics between the hypertrophic 
cells in the central zone and the spindle-shaped cells of the flat-cell layer. The cytoplasm 
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TABLE I 


SUMMARY OF THE HisTOCHEMICAL REACTIONS FOR CARBOHYDRATE-PROTEIN COMPLEXES, 
METACHROMASIA, AND INTRACELLUAR GLYCOGEN IN CosTAL CARTILAGE AND AUTOCARTILAGE IMPLANTS 


Autocartilage Implants 
Non-Boiled 


Costal Cartilage 
Non-Boiled 


Age of | Carbohy- Meta- 
Animal drate- chro- gen ** of Im- drate- chro- gen** drate- chro- 


Boiled 


Glyco- Duration Carbohy- Meta- Glyco- Carbohy- Meta-  Glyco- 
** 


at Protein —masia* planta- Protein masia * Protein masia * 
Death Complexes * tion Complexes * Complexes * 
(Days) (Days) 


+++ 


333 a +? +> 270 ++ ++ + + + 0 


* Plus signs indicate intensity of staining reaction. 
** Estimated concentrations of intracellular glycogen from abundant (+ + +) to absent (0) as visualized 
by the periodic-acid-leukofuchsin reagent. 


of most cells was clear; however, a few were basophilic. External to the flat-cell layer was 
the perichondrium composed of dense connective tissue, blood vessels, and nerves. 

The costal cartilage from an animal sixty-three days of age placed in boiling distilled 
water for at least fifteen minutes showed chondrocytes in the central zone with hyperchro- 
matic nuclei. There was a condensation or shrinkage of the matrix, especially in the pe- 
ripheral zone. This was confirmed by the reduction in cross-sectional size when compared 
with a section taken from the non-boiled half of the original costal cartilage. 


Fic. 2-A 2-C 
Sections (X 100) stained with the periodic-acid-Schiff reagents. 

Fig. 2-A: Costal cartilage from an animal 333 days old. The matrix, with the exception of the interme- 
diate zone, is intensely stained and has a fairly homogeneous appearance. 

Fig. 2-B: Non-boiled cartilage 270 days after implantation, The staining reaction is essentially the 
same as that in Fig, 2-A. 

Fig. 2-C: Boiled autocartilage 270 days after implantation. The fibrous nature of the matrix in the 
central zone is exposed, presumably by dissolution of the ground substance. The most intensely stained 
area lies adjacent to the collar, of which only remnants are preserved because of difficulty in sectioning. 
On the whole this section is not as intensely stained as those shown in Figs. 2-A and 2-B. 


VOL, 36-A, NO. 6, DECEMBER 1954 


42 
63 ++ 4 


AKAMINE, M. B. ENGEL, AND B. G, SARNAT 


» 
‘ 


Fic, 3-A Fic, 3-B 
Sections ( 100) stained for phosphate-carbonate according to the method of Gersh 
Fig. 3-A: Non-boiled fourteen-day autogralt. Phosphate-carbonate deposits in and around the 
intermediate zone appear black 
Fig. 3-B: Boiled fourteen-day autocartilage implant. The phosphate-carbonate deposits are pri- 


marily in the collar 
Bk. Carbohydrate-Protein Complexes in the Ground Substance 

1. Zonal Localization in Costal Cartilage and Implants: 

From the forty-second to the sixty-third day of animal life, zonal staining in fresh 
costal cartilage was greatest in the central zone, with gradually diminishing intensity of 
staining toward the peripheral zone (Table 1). The intermediate zone was not present and 
the flat-cell layer of the peripheral zone was not stained. With the differentiation of the in- 
termediate zone in costal cartilage from animals seventy-seven days and older and auto- 
grafts fourteen days and older (Figs. 2-A and 2-B), staining reactivity in the various zones 
was in the following order of diminishing intensity: the internal and external borders of 
the intermediate zone, the central zone, the oval-cell layer of the peripheral zone. The 
matrix of the intermediate zone proper showed many unstained areas. The most intense 
staining was seen in the pericapsular matrix, with lesser degrees of reactivity in the inter- 


vening matrix. The pericellular halos did not stain. 


Fia. 4-B 5 
Sections (X 725) stained with periodic-acid-Schiff reagents. 
1-A: Chondrocytes showing intracellular aggregates of glycogen in a 270-day non-boiled auto- 


Fig 
The nuclei are unstained. The homogeneous character of the matrix is evident 


gralt 
Fig. 4-B: Boiled autocartilage, 270 days after implantation, showing fibrillar character of the matrix 
and absence of intracellular glycogen. 

Fig. 5: Resorption in the peripheral area of a sixty-day non-boiled autograft. The fibers are exposed 
after dissolution of the ground substance. Fibroblasts containing granules of glycoprotein are shown. 
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Boiled autocartilage implants fourteen days and older (Figs. 2-C and 4-B) appeared 
to stain evenly throughout the matrix. No marked zonal staining was seen, although the 
portion just internal to the collar, an unstained C-shaped structure in the peripheral 
zone, stained deeper. Boiling, in general, appeared to increase the intensity of staining. 


2. Variations with Age: 

Costal cartilage showed the same intensity of staining with the periodic-acid-leuko- 
fuchsin reagent (red) from forty-two to 123 days of animal life (Table I). A slight decrease 
was seen at 183 days of animal life, after which there was no change until 333 days. Costa! 
cartilage, from animals forty-two and sixty-three days of age, when boiled, stained more 
intensely than similar pieces of cartilage which had not been treated. 

Autografts showed an almost identical variation in the intensity of staining with age 
as their controls, the sixth costal cartilage from the host animals (Figs. 2-A and 2-B). 
Boiled autocartilage fourteen days after implantation appeared to stain red with the same 
intensity as the autografts of equivalent age and the costal cartilages of the host animals. 
Thereafter, the boiled autocartilage showed a rapid decrease in staining intensity until, 
at 270 days after implantation, only a pink stain was seen in the tissues (Fig. 2-C). With 
high magnifications the fibrils of the matrix appeared unmasked (Figs. 4-A and 4-B). Free 
aldehydes and glycolipids which could give interfering positive Hotchkiss reactions were 
minimal or absent in either costal cartilages or implants. 

In general the intensity of the metachromasia in the various zones in fresh costal 
cartilage, autografts, and boiled autocartilage implants paralleled the staining intensity 


with the periodic-acid-Schiff reagents. 


C. The Effect of Some Mucolytic Enzymes on Cartilage Ground Substance 


1. Bovine Testicular Hyaluronidase: 


A slight inhibition in the development of metachromasia in all zones was observed 
when costal cartilage, autografts, and boiled autocartilage implants of the ages studied 
were incubated with bovine testicular hyaluronidase for one hour and then stained with 
toluidine blue. A similar effect was not observed in sections treated with the buffer alone. 
This result was not related to the previous treatment or to age of the cartilage. 


2. Collagenase: 


The tissues studied were affected by collagenase. The ground substance and fibers 
were lost from the sections following the action of the enzyme. Boiled cartilage incubated 
for twenty-four-hour periods was almost completely dissolved. Shorter periods of incuba- 
tion resulted in partial solution of the ground substance, leaving fibers of the matrix ex- 
posed. The central and peripheral zones were equally involved, while the intermediate 
zone Was resistant. In general the solution of the cartilage by collagenase was in the follow- 
ing order of increasing susceptibility: costal cartilage, autografts, and boiled autocartilage 


implants. 


D. Comparison of the Connective-Tissue Cellular Reactions 


Generally, there was no infiltration of connective-tissue cells into the matrix of costal 
cartilage of animals forty-two to 333 days of age. However, a reaction was observed about 
the implants. The connective-tissue cellular reaction was somewhat more marked around 
the autografts than in the boiled autocartilage from the fourteenth to the thirtieth day 
after implantation. Connective-tissue cells resembling fibroblasts were seen in the periph- 
eral areas of the autografts, where the ground substance had been lost and the fibers 
had been exposed (Fig. 5). A gradual decrease in the number of connective-tissue cells 
surrounding the autografts was seen from sixty to 270 days after transplantation. 

In boiled autocartilage implants, the zone of resorption was just peripheral to the 
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collar. A moderate number of fibroblasts were seen surrounding boiled autocartilage at 
fourteen and thirty days after implantation. These fibroblasts lay between the cartilage 
fibers which ran parallel to the periphery. Dissolution of the ground substance was seen 
in the immediate area of the fibroblasts. Many of the cells, during the active phase of 
resorption, showed Hotchkiss-positive material in their cytoplasm which was not removed 
by exposure to amylase. Phagocytic cells showed brown pigments in their cytoplasm (in 
hematoxylin and eosin preparations), presumably reduction products of hemoglobin. 
From sixty to 180 days after implantation, considerably more connective-tissue cells were 
seen surrounding boiled autocartilage implants than were seen around the autografts of 


equivalent age 


Intracellular Glycogen 

1. Costal Cartilage: 

At sixty-three days of age, the concentration of glycogen in the costal cartilage was as 
follows, in decreasing amounts: cells of the central zone, cells of the intermediate zone 
(when the zone was differentiated), and the oval-cell layer of the peripheral zone. Glycogen 
could not be demonstrated in the flat-cell layer of the peripheral zone or in the perichon- 
drial cells. Glycogen appeared in the cytoplasm of chondrocytes of costal cartilage as 
finely granulated aggregates. The nucleus of the cell did not show this substance. Costal 


cartilage in animals forty-two to seventy-seven days of age showed a high concentration 
of glycogen. Thereafter, a gradual decline in total concentration of glycogen was observed 


to the age of 333 days (Table I). 

Boiled costal cartilage from an animal sixty-three days of age showed numerous cells 
in the central zone with significantly reduced amounts of glycogen. A homogeneous, thin 
rim of glycogen remained, while rich granular aggregates were seen in the cytoplasm of 


corresponding cells of the non-boiled specimen. 


2. Implants: 

Autografts showed essentially the same concentration and variation of glycogen with 
age as the costal cartilage (Fig. 4-A). From the peak concentration at fourteen days after 
implantation, there was a gradual decrease until 270 days after implantation, when only a 
small amount of glycogen remained (Table 1). 

Boiled autocartilage showed rapid glycogen loss from the fourteenth day until after 
sixty days of implantation, when only a few cells showed some coarse granules of glycogen. 
Glycogen was completely absent from all boiled implants (Fig. 4-B and Table I) of 120 


days’ duration and longer. 


I. Phosphate or Carbonate, or Both 

The observations for non-boiled costal cartilage and autografts will be considered 
together, as the results appeared to be almost identical in all age groups. Areas staining 
black or dark brown were assumed to contain phosphate or carbonate or both, presumably 
as calcium salts. 

Costal cartilage from an animal sixty-three days of age showed a few areas in which 
the matrix was light brown, a coloration which may be due to chlorides or proteins. Costal 
cartilage from an animal seventy-seven days old and its fourteen-day autograft showed 
homogeneous black-staining deposits of phosphate-carbonate in the intermediate zone, 
which did not stain with hematoxylin and eosin (Fig. 3-A). The black-staining matrix 
showed finger-like projections in the external and internal borders, partly or completely 
enclosing cell groups. The matrix of the central and peripheral zones was light brown, with 
some finely dispersed black granules. There was no increase either in the width or in the 
density of the phosphate-carbonate deposits in the intermediate zone of costal cartilage 
from animals 123 to 333 days old or autografts of thirty to 270 days. 
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Boiled costal cartilage from an animal sixty-three days of age showed a dark brown 
matrix, with black deposits in the cytoplasm of chondrocytes of the central and peripheral 
zones. The pericellular halos were light brown. An intermediate zone was not present. 
Diffusion effects and solution of salts occurred in these boiled preparations. 

Boiled autocartilage fourteen days after implantation presented a solid, black-staining 
phosphate-carbonate layer in the peripheral structure earlier referred to as the “collar” 
(Fig. 3-B). Granules of phosphate-carbonate were seen in the neighboring chondrocytes 
and matrix. The color in the rest of the matrix was light brown. After the thirtieth day of 
implantation, the thickness of the collar appeared to increase slightly up to 270 days. 

For purposes of control, cartilage sections were treated with a solution of 5 per cent. 
nitric acid for ten minutes. These preparations did not stain for phosphate-carbonate. 
DISCUSSION 
The ground substance and fibers of costal cartilage and autocartilage implants are 
gradually altered with increase in age. These changes were seen in sections which were 
stained to visualize the carbohydrate-protein complexes, in which the decrease in staina- 
bility of the ground substance was interpreted as evidence of its disaggregation °. Some 
additional changes would be expected in the autocartilage implants as a result of transfer 
to a new site, but a more advanced reaction might be expected in homocartilage implants 
because of transfer to a new site in a different host. While in the costal cartilage and non- 
boiled autografts the dissolution of the matrix proceeded very slowly, previously boiled 
cartilage dissolved much more rapidly. The preliminary depolymerization of the boiled 
cartilage, matrix also increased its susceptibility in vitro to the action of certain enzymes, 
notably collagenase. 

The profound effect, in vitro, of some mucolytic enzymes on boiled cartilage implants 
suggested that the in vivo dissolution of these implants might be due to similar substances. 
This would be consistent with a theory that the cells of the connective tissue may liberate 
enzymes which dissolve ground substance and lead to dissolution of the collagen fibers °. 
These components of boiled cartilage might be affected in like manner. In surgical pro- 
cedures in which permanent reconstruction is a requisite it would seem undesirable, there- 
fore, to use cartilage which has been boiled or degraded in any way. 

The pronounced change in stainability of the peripheral zone of boiled implants, in- 
terpreted as evidence of the first stages of depolymerization, was associated with the dep- 
osition of calcium phosphate or carbonate, or both. Such mineralization of boiled cartilage 
implants was also reported by Wells in his early studies. While calcium is present through- 
out the matrix in protein-bound and ionic states *, the insoluble apatite appears to form 
in association with changes in the carbohydrate-protein complexes of ground substance. 
This is in agreement with suggestions that the calcification of bone and of cartilage are 
influenced by the physicochemical state of the matrix '*°°!'". Evidence of calcification in 
an implant thus may be taken as indicating an advanced stage in its dissolution. 

In general, the fate of the implant is determined by its inherent physicochemical 
properties and by the reactions in the connective tissue of the host. Such factors as the 
immune reaction, age, and hormone activity may exert important modifying influences. 

Evidence for continued metabolic activity in fresh cartilage transplants has been 
provided in manometric studies showing anaerobic utilization of glucose *. From the 
histochemical studies, too, in which the persistence of intracellular glycogen in the chon- 
drocytes of autografts was shown, it may be inferred that the cells were maintaming some 
metabolic activity. It is of interest to note that these histochemical findings were similar 
to those in costal cartilage of a comparable age (Table 1). 


SUMMARY AND CONCLUSIONS 


The behavior of cartilage transplants and the cellular reaction in the surrounding 
connective tissue have been studied in rabbits. Costal cartilage was used as a control. 


VOL. 36-A, NO. 6, DECEMBER 1954 


i 
Fl 


1174 R. N. AKAMINE, M. B. ENGEL, AND B. G. SARNAT 


Histochemical methods, together with freezing-drying fixation, were used to visualize 
some tissue components of interest. These included the carbohydrate-protein complexes of 
the ground substance, inorganic phosphate-carbonate, and intracellular glycogen. Disso- 
lution of the mucoprotein ground substance was observed on the periphery of autografts 
sixty days after implantation and of costal cartilage of comparable age. In boiled auto- 
cartilage implants, a more general and extensive dissolution occurred and this began much 
earlier. In these instances the changes in the matrix were accompanied by deposition of 
phosphate-carbonate, presumably as the calcium salt. /n vitro experiments in which a 
bacterial collagenase was used resulted in striking disintegration of boiled cartilage and 
somewhat lesser changes in non-boiled autocartilage grafts and costal cartilage. In a like 
manner enzymatic activity by connective-tissue cells could lead to changes in the matrix 
of implants. The fate of cartilage implants appears to be determined by their inherent 
physicochemical characteristics and by the connective-tissue reaction which is provoked 
in the host. Cells of the boiled cartilage implants lost their glycogen early and resynthesis 
was impossible. In the autografts, evidence for sustained metabolic activity comparable 
with that in costal cartilage was deduced from the continued presence of intracellular 
glycogen. 
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COMPLICATIONS OF JUDET ARTHROPLASTY DUE TO FOREIGN-BODY 
REACTION TO NYLON PROSTHESES 


BY LOUIS J. LEVY, M.D., CUVIER P. LIPSCOMB, M.D., AND HENRY C. MCDONALD, JR., M.D., 
FORT WORTH, TEXAS 


Since the original report by Robert and Jean Judet * on femoral-head replacement 
arthroplasty, this procedure has been widely accepted and performed in this country. 
As the procedure has gained wider acceptance and has been more frequently performed, 
with varying techniques, by an increasing number of surgeons, a number of complica- 
tions have been encountered. This paper is presented in order to emphasize one of the 
possible complications which should be avoided. 

In the early stages of performing the Judet arthroplasty, the technique and materials 
recommended by the Judets were employed. Many surgeons, however, hesitated to use 
the acrylic prosthesis, since it could not be boiled or autoclaved and its sterility depended 
upon soaking in antiseptic solution. For this reason, many surgeons turned to the use of 
a nylon prosthesis. This substance was reported to be relatively inert in the body, retain- 
ing the elasticity of plastic, which was considered to be an advantage, and still it could 
be boiled or autoclaved. 

At first, the use of a nylon prosthesis seemed to be ideal, but subsequent follow-up 
has shown that foreign-body reaction to the nylon with disagreeable sequelae has devel- 
oped in a significant propor- 
tion of the patients. In six of 
the patients upon whom we 
had performed arthroplasty 
with a nylon prosthesis, and 
in one patient in whom the 
same procedure had been 


performed elsewhere, we have 


encountered just such an ad- 


verse reaction to the nylon. 
In four: of these patients, 
arthroplasty had been per- 
formed because of malum 


coxae, in two because of an 
ununited fracture of the fem- 
oral neck with a non-viable 
head, and in one patient 
arthroplasty had been per- 
formed as primary treatment 
for a high, subeapital fem- 
oral-neck fracture. Follow- 
ing surgery, with insertion of 


the nylon prosthesis, all of 
the patients had done well 
initially and during the first 
several months of convales- 


cence. Then each patient 
began to have pain and pro- 
gressive limitation of move- 
ment in the hip. The roent- 


Case 2. Roentgenogram showing osteoporosis and absorption 
about the stem of the prosthesis. Note the obliquity of the reinforcing 
rod in the stem of the prosthesis, 
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genograms at first had shown 
no signs of bone disturb- 
ance, but, as the reaction 
continued and became more 
severe, a mottled destruction 
had become evident in the 
remaining portion of the 
neck of the femur; absorp- 
tion about the stem of the 
prosthesis (Fig. 1) and os- 
teoporosis about the ace- 
tabulum had been noted. 
The more prolonged and 
severe the symptoms, the 
more pronounced were the 
roentgenographic findings. 
At re operation, the find- 
ings were rather uniform. 
In none of the patients was 
there any evidence of in- 
fection. The joint capsule 
was usually only slightly 
Two of the nylon prostheses removed in this series. Note the varying thickened. The most dra- 
amount of erosion on the superior surface of the head and on the matic changes were in the 
surface of the stem just beneath the head. synovial membrane: in ail 


2-A Fic, 2-B 


except one patient, the hy- 
pertrophic, yellow, caseous-appearing, villous synovial membrane was present. There 
were varying amounts of bone absorption and destruction, primarily in the neck of 
the femur. The head of the prosthesis was roughened, non-glistening, and worn and 
flattened on its superior surface (Figs. 2-A and 2-B). As would be expected, the amount 
of roughening and flattening of the head of the prosthesis and the associated synovitis 
and bone absorption seemed to be in direct relation to the length of time the prosthesis 
had been in place and the use the individual had given it. The one patient whose pros- 
thesis showed little roughening and in whom there was little synovial reaction was the 
patient in whom the arthroplasty had been done as primary treatment for a subcapital 
fracture in the neck of the femur. In this case, the patient had been unwilling to bear 
much weight on the involved extremity, or even to be up and about with crutches to 
any degree. 
Dr. C. T. Ashworth, pathologist at Harris Hospital, Fort Worth, Texas, has given 
the following description of the microscopic pathology in two typical cases: 


Case | (Pig. 3): “Microscopie examination of tissue from the synovial lining reveals an extensive 


inflammatory process. There are foci of necrotic material having an eosinophilic, granular structure in which 
a few indefinite particles are found. Also, deposits of calcium are noted here, occurring as rather heavy 
clumps. Around the foci of necrotic material, there is a granulomatous reaction consisting of numerous 
large macrophages which are somewhat foamy in appearance. A few multinucleated giant cells of the foreign- 
body type are present and rare lymphocytes and plasma cells are found. There is a proliferation of fibroblasts 
among the infiltrating macrophages here. 

“Examination under polarized light reveals highly refractile bodies of small sizes. These particles are 


estimated to measure from five to ten micra. 

“Comment: The reaction, as we see it in this case, is an inflammatory one associated with focal necrosis 
and granulomatous type of response. Since we are able to find refractile bodies visible under polarized light 
in the necrotic areas, it seems probable that these particles are producing some type of local tissue injury 
resulting in necrosis and followed by a foreign-body reaction.”’ 
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Photomicrograph (X 160) of tissue removed from hip in Case 1. (See report of Case 1, page 1178.) 


Cask 2 (Kg. 4): “ Microscopic examination of blocks from the synovial lining show a great degree 
of hypertrophy of the synovial folds, which are club-shaped. Some of them are devoid of any synovial 
lining, but others are lined by several layers of synoviothelial cells which are moderately swollen. In several 
areas, fibrinous deposits are found over the surfaces of these synovial projections. There is an overgrowth of 
fibroblast-like cells in the stroma of the villi associated with new capillary formation and scanty diffuse 
lymphocytic infiltration. Among these hypertrophied synovial projections, there are occasional accumula- 

* 

se 


Photomicrograph ( 200) of tissue removed from hip in Case 2. 
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tions of granulation tissue characterized by an extensive production of multinucleated, foreign-body giant 
cells. These have abundant pale-staining pink cytoplasm, although some of them are slightly foamy, and a 
few contain brown granular pigment of hematogenous type. Also, a few foamy macrophages are noted in 


these areas. No definite necrotic tissue is identified 
As these areas of foreign-body reaction are examined under polarized light, they are found to contain 


innumerable foreign particles measuring approximately up to ten micra, but most of them being only three 
or four micra in diameter. These refractile particles are found to be located partly in the giant cells and 


partly between them 


‘Comment: In this case, we observe evidence of marked synovial hypertrophy and mild chronic inflam- 
mation. Actually, in the synovial projections, there is no evidence of the refractile nylon. However, in addi- 
tion, there are foci where a foreign-body type reaction has been produced and in these areas the refractile 


particles, as seen under polarized light, are very abundant, apparently representing the inciting agent lead- 


ing to the foreign-body reaction.” 


In all of the patients, further surgery has been performed in an attempt to relieve 
their condition. In two of the patients, there had not been much bone destruction in the 
femoral neck and, after removal of the nylon Judet prosthesis, a stainless-steel prosthesis 
of the same size and shape was inserted. In four of the patients, an intramedullary stem 
prosthesis of the so-called Minneapolis type was used in the secondary reconstruction 
and, in one patient, an F. R. Thompson prosthesis was inserted after removal of the nylon 
femoral head. None of these patients has been followed long enough for us to give a final 
report of the secondary procedure, but all of the patients seem to be following a much 
better course than they did with the original nylon prosthesis. The patients in whom a 
Minneapolis or F. R. Thompson type of intramedullary prosthesis was used seem to have 
regained function and to have had an alleviation of pain much more quickly and better 
than the ones in whom the stainless-steel Judet replacement was employed. This report is 
being submitted without adequate follow-up of the last surgical procedure, since its 
primary purpose is to discourage the further use of nylon as a substance for prosthesis in 


hip arthroplasty. 

In considering the reason for the delayed reaction to the nylon in these cases, we 
think that our findings corroborate a theory suggested by McKeever*. He feels 
that the actual amount of sensitivity and reaction to the nylon in these cases may 
be minimal, so that, if there were no more nylon surface exposed than the original 
surface of the prosthesis, very little reaction would be encountered. However, as the 
patient begins weight-bearing, microscopic portions of the nylon are progressively worn 
off the prosthesis and remain in the joint, thus causing a tremendous increase in the surface 
area of nylon exposed to the tissue, and, consequently, a great increase in the amount of 


sensitivity reaction. 


CASE REPORTS 


Case 1. H. A. M., aged sixty-four, white male, was first seen in July 1951, with malum coxae of the 
right hip, resulting from trauma to the hip ten years previously. For two years prior to the time this patient 
was first seen, he had been having progressive pain, stiffness, and disability in the right hip. Roentgenograms 
revealed a marked narrowing of the right hip joint space, with adjacent flattening, sclerosis, and lipping at 


A Judet arthroplasty with a nylon prosthesis was performed elsewhere in April 1952. 


the joint margins 
Following the surgery, the patient progressed very well and was able to walk with a moderate limp and min- 


imal discomfort. After four or five months, he began to have pain in the hip, which at first was relieved with 
the use of a brand of phenylbutazone, but which later became more persistent and disabling. By July 1953, 


this patient was ambulatory only by means of crutches; he could not bear weight on the right leg, and there 
was severe pain on any movement of the right hip. Examination at that time revealed a definite telescoping 
sensation and instability in the right hip. An operation was performed on July 30, 1953, revealing marked 
vellow, caseous villous synovitis and marked erosion and destruction of the femoral neck. There was exten- 
sive absorption about the stem of the prosthesis, which was completely loose in the femur. The prosthesis 
was removed, all of the synovial membrane was excised, and a Minneapolis type of prosthesis was inserted. 
Full weight-bearing was not allowed for six months. The patient now walks with a moderate limp, uses a 


cane in getting about, and has minimal discomfort on prolonged activity. 


Case 2. W. L. D., aged fifty-eight, white female, was first seen on July 14, 1952, with an ununited frac- 
ture of the neck of the left femur. The initial injury had occurred February 1, 1951, and closed reduction and 
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pinning had been performed elsewhere at that time. The pin had been removed in April 1952. At the time 
of examination, July 14, 1952, the patient walked with a marked limp on the left, used a cane, and com- 
plained of severe pain and disability. Roentgenograms revealed an ununited subcapital fracture of the 
neck of the left femur with aseptic necrosis of the head of the femur. On August 12, 1952, the Judet arthro- 
plasty was performed, the nylon prosthesis having been made witb a three-eighth-inch extension to compen- 
sate for previous absorption of the femoral neck. This patient’s postoperative course was very satisfactory; 
by October she had a full range of motion in the left hip, was able to walk very well with a cane, and with- 
out the cane had only a moderate gluteal limp on the left side. In December 1952, four months after opera- 
tion, she began to have discomfort in the hip and was instructed to take phenylbutazone. This seemed to 
relieve the discomfort satisfactorily at first, but later she began to have an increasing amount of discomfort, 
even though taking phenylbutazone. By February 1954, progressive pain and a limp had developed in the 
left hip, although the patient had retained an excellent range of motion in the hip and had very good muscle 
power. Roentgenograms made at this time showed a definite erosion about the stem of the prosthesis which 
had not been visualized on previous roentgenograms. On March 9, 1954, the nylon prosthesis was removed. 
A moderate amount of roughening and flattening of the prosthesis was found, and an associated moderate 
yellowish synovitis was encountered (Fig. 4). A synovectomy of the hip joint was performed, after which 
an F. R. Thompson type of prosthesis was inserted. The patient is now ambulatory with a cane. 


Case 3. 8. H. W., aged sixty-three, white female, was first seen on September 8, 1952, and gave a his- 
tory of progressive pain in both hips for seven years. Examination revealed marked limitation of motion in 
both hips, associated with pain and increasing crepitation. Roentgenograms revealed typical findings of 
bilateral malum coxae. On November 3, 1952, Judet reconstruction with a nylon prosthesis was performed 
on the right hip. Two months from the date of surgery, the patient demonstrated a fairly good range of 
flexion and full extension in the right hip and was able to walk, using only one crutch. Four months from the 
date of the operation, she began to have limitation of movement in the hip and increasing pain for which 
phenylbutazone was prescribed. At first, the pheny!butazone gave excellent relief of pain, but after several 
months the discomfort and disability had increased. Another operation was performed on August 18, 1953. 
When the right hip was opened, the patient was found to have a typical roughening and flattening of the 
prosthesis and an extensive yellow, cascous, villous synovitis, as had been noted in previous cases. The pros- 
thesis was removed; a partial synovectomy was performed; and a stainless-steel Judet prosthesis was in- 
serted. The patient still has moderate stiffness in the hip and pain on walking, necessitating the use of one 
crutch. 


Case 4. T. L. W., aged eighteen, white male. A Judet arthroplasty with a nylon prosthesis was performed 
on the patient’s left hip on November 20, 1952, for malum coxae resulting from old Legg-Perthes disease. 
Prior to surgery, he had walked with a marked limp, had had pain on walking, and had limitation of motion 
from 180 to 120 degrees in the left hip. Two months following the operation, the patient stated that he 
walked better than he ever had before. He was able to walk well with one crutch and had only a moderate 
limp when walking without crutches. The range of hip flexion was from 180 to 90 degrees; abduction was 
75 per cent. of normal; and there was full adduction. The patient stated that he had no pain at that time. 
Eight months after surgery, he started having pain in the left hip, which gradually increased. As the pain 
increased, he started limping more, and it was finally necessary to restrict his activity. The pain became 
rapidly worse and, on October 2, 1953, another operation was performed on the left hip. At the time of 
surgery, a yellowish, villous synovitis was found. There was only a slight amount of erosion of the head 
of the prosthesis, but the stem was found to be fractured. Following removal of the prosthesis and a partial 
synovectomy, a Minneapolis type of prosthesis with a stainless-steel head was inserted. When last seen in 
March 1954, this patient was walking with one crutch and had only minimal pain in the hip. 


Case 5. W. J. 3., aged thirty-six, white female, was first seen on August 4, 1952. The case history sug- 
gested that an infection in the hip in infancy had resulted in malum coxae of the right hip. The patient 
had had progressive pain, a limp, and disability for six months prior to the time of examination. Roentgeno- 
grams revealed distortion of the head and neck of the right femur with roughening of the head, loss of joint 
space in the right hip, and adjacent bone sclerosis. On August 9, 1952, a reconstruction of the right hip was 
performed with a nylon Judet prosthesis. Four months following surgery, roentgenograms revealed excellent 
position of the prosthesis, with no visible evidence of reaction or erosion. The patient was getting about 
satisfactorily with minimal discomfort in the hip, but at that time she was still using two crutches with only 
partial weight-bearing. Seven months following surgery, the patient began to have increasing pain and 
disability in the hip. September 15, 1953, another operation was performed. Exposure of the hip joint 
revealed a typical yellow, caseous synovitis with very little capsular thickening. Moderate erosion and 
roughening of the head of the prosthesis were noted and, in addition, a fracture of the stem of the prosthesis 
just beneath the head. After removal of the nylon prosthesis, a stainless-steel prosthesis of similar size and 
shape was inserted. Six months following the last operation, this patient was still having pain in the hip on 
weight-bearing, necessitating the use of one crutch for walking about, and there was still a considerable 
limitation in range of motion. 
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aged forty-five, white male, was seen in September 1947, after he had suffered a fracture 


Case 6. R.W 
of the neck of the left femur when he fell from a scaffold. Closed reduction and Smith-Petersen nailing were 


performed at that time. Non-union resulted and, on April 22, 1948, a Dickson osteotomy was performed. 
Following this, the patient obtained union. Insurance settlement was made in October 1948, and the patient 
was not seen again until 1952. On May 21, 1952, he reported to the office because of a progressive limp and 
pain in the bip. Roentgenograms made at that time revealed that the fracture in the neck of the femur had 
healed solidly but showed an aseptic necrosis with collapse of the femoral head and a distorted acetabulum 


with arthritic changes. On July 21, 1952, a reconstruction of the left hip was performed with insertion of a 
nylon Judet prosthesis. Three months following the operation, the patient was able to walk with one crutch 
and did not complain of pain in his hip. Six months following surgery, he began having intermittent pain in 
the left hip, which gradually increased. Nine months after the operation, there was a sudden marked increase 
in the amount of discomfort in the hip, and roentgenographic examination at that time revealed a fracture 
of the stem of the prosthesis. On July 21, 1953, another operation was performed on the left hip. The nylon 
prosthesis was found to be partially worn and roughened, and the stem was fractured. Moderate yellowish 
synovitis was found. The prosthesis was removed and a Minneapolis type of prosthesis was inserted. Eight 
months following this operation, the patient could walk about, using a cane. He still had considerable muscle 


weakness about the left hip and complained of pain in the hip on overactivity. 


Case 7. A. R., aged sixty-two, white female, was first seen on January 1, 1953, with a subcapital fracture 
of the neck of the right femur. On the following day, a nylon Judet prosthesis was inserted. The patient was 
much more feeble than her age would indicate and had great difficulty in getting out of a wheel chair and 
in using crutches. She continued to complain of pain in the right hip, weakness, and inability to use the right 
leg. One year after her initial operation, she was able to walk about with only one crutch, although, actually, 
she was not up and about very much. She still complained of pain in the right hip, and roentgenograms re- 
vealed some absorption about the stem of the prosthesis. On February 23, 1954, the right hip was re-opened. 


The nylon prosthesis showed very little evidence of erosion, and there was minimal synovial reaction. The 
prosthesis was removed and a Minneapolis type of prosthesis was inserted. During this procedure, a sub- 
trochanteric spiral fracture occurred, due to over-zealous handling of the osteoporotic femur. The stem of 
the Minneapolis prosthesis, however, served as a very satisfactory intramedullary pin, holding the frag- 


ments in excellent position. This patient is now up and about in a wheel chair and states that she has much 
less discomfort in her hip than she had bad on similar activity prior to the second operation. 


SUMMARY 


It is felt advisable to refrain from using nylon Judet femoral heads for replacement 


arthroplasty 
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TRANSPLANTATION OF THE POSTERIOR TIBIAL TENDON 


BY MELVIN B. WATKINS, M.D., JAMES B. JONES, M.D., CHARLES T. RYDER, JR., M.D., 
AND THOMAS H. BROWN, JR., M.D., NEW YORK, N. Y. 


From the New York Orthopaedic Hospital, New York 


For twenty-five years or more at the New York Orthopaedic Hospital, various types 
of operative procedures have been used for transfer of tendons to the dorsum of the foot. 
Several of these have proved to be of definite value and are now frequently employed. 
Transplantation of the extensor hallucis longus to the first metatarsal; of the extensor 


digitorum communis to the mid-foot or metatarsal bones; of the tibialis anterior to a 


more lateral position; and of the peronaeus longus or brevis, or both, to one of the cunei- 


forms, have all given satisfactory results in properly selected cases. 

Until September 1951, the use of the posterior tibial muscle as an active force for 
dorsiflexion of the foot had received little attention. It was frequently observed to be a 
deforming factor, either producing or accentuating a varus position of the foot; and in 


many instances the tendon was severed or lengthened to overcome the deformity. Excel- 
lent reviews of tendon transplantations by Peabody and by Carpenter make no mention 
of the use of the posterior tibial tendon as a transplant for dorsiflexion of the foot, although 
Peabody describes sectioning it as ‘‘security against varus imbalance’. In cases of para- 
lytic equinovarus, Goldner and Irwin have stressed the importance of either sectioning or 


transplanting the posterior tibial tendon. 

Ober wrote: “In cases of equino varus where there is normal power in the gastrocne- 
mius and the posterior tibial muscles, the latter is the chief deforming factor. Tenotomy 
of the posterior tibial and correction of the varus deformity relieve the situation in part, 
but it is difficult to prevent the recurrence of equinus and it seems an unwarranted waste 
to throw away the power of a good muscle.”’ He described transplantation of the posterior 
tibial tendon around the medial border of the tibia to the dorsum of the foot. Mayer ’, 
however, stated that this procedure is not physiological because of the indirect pull of 
the muscle and tendon. This method of using the posterior tibial muscle has not been 


widely used because the results were not encouraging. 

During the past two and one-half years at this Hospital there has been considerable 
interest in the method of transplanting the posterior tibial muscle and tendon through 
the interosseous membrane of the tibia and fibula to the dorsum of the foot. This method 
is more reasonable because a direct pull of the transplanted tendon is obtained. Although 
it is known that this procedure has been performed in other hospitals, a careful search of 
the literature has failed to reveal a report of the operative technique. In an article pub- 
lished in 1937, Mayer ® stated that the operation had been performed by Putti. Green 
and Grice mentioned the procedure and stated that it can be performed with successful 
results. Caldwell has informed the authors that H. A. Durham transplanted the posterior 
tibial tendon through the interosseous space in February 1936, and since then the method 
has been employed in a number of patients. Although there are no exact follow-up data, 
in general the results were satisfactory. Stubbins has prepared an article on this subject 
which has not yet been published. Turco has performed the operation in a number of 
patients. In discussing the treatment of Charcot-Marie-Tooth disease, Jacobs and Carr 
reported the transplantation of the posterior tibial tendon through the interosseous mem- 
brane in three patients (five feet), all with satisfactory results. These authors, however, 


did not describe the exact operative technique. 
Since September 1951, at the New York Orthopaedic Hospital, transplantation of the 
posterior tibial muscle and tendon through the interosseous space to the dorsum of the foot 
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Post. tibial tendon 


Fig. 1: The first incision is made 
along the course of the posterior tibial 
tendon. The tendon is released dis- 
tally to its primary insertion into the 
tuberosity of the navicular to gain as 
much length as possible. 


Fig. 2: The second incision is made 
parallel to and lateral to the lower 
third of the crest of the tibia. Exposure 
| | | of the interosseous membrane is ac- 


Ant 
tibialrn 


complished by retracting the anterior 
tibial muscle from the lateral surface 
of the tibia. 


‘4 has been performed twenty-nine 
times. ‘Twenty-six patients were 
Seieretenetene operated upon; three of them 

Extensor had similar procedures performed 

on both feet. The purpose of 

digitorum long mn this paper is to describe the 

ey operative technique as followed 

FI at this Hospital and to report 


the functional results which have 
been obtained in those patients 
who have been followed long 
enough for evaluation. 


Fig. 2 


PREOPERATIVE MANAGEMENT 


Posterior tibial transplantation cannot be expected to produce positive correction of 
a fixed deformity any more than can other tendon transfers. Therefore, any structural 
equinus, varus, or other deformity should be dealt with before tendon transplantation, 
by corrective plasters, calcaneal-tendon lengthening, subtalar arthrodesis, or other pro- 
cedures as the circumstances indicate, so that the foot can be placed in neutral position 


with at least 90 degrees of dorsiflexion. 
Postoperative rehabilitation is simplified when the patient has already learned to 


contract. the posterior tibial muscle independently and voluntarily. When possible, he 


should be educated to do so preoperatively. 


OPERATIVE TECHNIQUE 


The procedure is carried out in a bloodless field through three incisions. The first 
incision (Fig. 1) is on the medial border of the foot along the course of the posterior 
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tibial tendon, from just below the medial malleolus to the medial cuneiform. The tendon 
is freed from its sheath and is incised distal to its primary insertion into the tuberosity 
of the navicular. It is important to obtain as much length of tendon as possible. 

The second incision (Fig. 2) is made parallel and lateral to the lower third of the 
crest of the tibia. If the peronaeus longus muscle is to be transplanted at the same time, 
this incision is made more lateral, so that only one incision in the leg is necessary. The 
deep fascia is opened lateral to the crest of the tibia and the anterior tibial muscle is 
retracted laterally, exposing the interosseous membrane. This is easily accomplished with- 
out disturbing the periosteum of the tibia. The anterior tibial nerve and vessels lie deep 
and lateral to the anterior tibial muscle and are therefore protected by this muscle as it 
is retracted. The vessels and nerve become visible lateral to the anterior tibial tendon at 
the ankle, but it is not necessary to disturb them. The interosseous membrane is incised 
through sufficient length to allow the belly of the posterior tibial muscle to fill the inter- 
osseous space (Fig. 3). This is an important step and actually converts the posterior 
tibial muscle from a posterior to an anterior position. After the large opening in the 
membrane has been made, from 
behind causes the muscle to bulge into the 
space, and the tendinous portion to become 
visible distally. A blunt instrument is then 
passed about the muscle and its tendon is 
pulled out. Gentle traction on the distal end 
of the tendon brings more of the muscle belly 
into the anterior compartment of the leg. 
Injury to the posterior tibial vessels and nerve 


pressure 


Extensor 
| hallucis long m 


tibial m. 
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Ant. tibiel m 
dig long m 


Post. tibial 
tendon 
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ib 
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Post.tibiel 


Past. tibial 
tendon 


Post. tibial and v. and tibial n 
Ant. tibial a and v and deep peroneal n wy 
Fia. 3 Fic. 4 
Fig. 3: The interosseous membrane is opened extensively, so that the underlying posterior tibial musele 
is exposed, The tendon is pulled out and the muscle fills the interosseous space. 
Fig. 4: The posterior tibial tendon is passed beneath the anterior tibial tendon subcutaneously to the 
site of its new insertion on the dorsum of the foot. 
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Fic. 5-A Fic, 5-B 


Preoperative photographs. L. B., a girl, seven and a half years old, had weakness of the peroneal 
muscles and varus of the right foot due to Charcot-Marie-Tooth disease. 


Fic. 5-D Fic. 5-E 


Fig. 5-C 
Figs. 5-C and 5-D: Photographs taken six months after transplantation of the posterior tibial tendon 
to the lateral cuneiform 
Fig. 5-E: Photograph demonstrating the effective functioning of the posterior tibial tendon as a 
dorsiflexor of the foot 
is avoided by keeping the instrument close to the muscle in pulling it through the inter- 


OSSCOUS Space. 
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TABLE I 


SumMMARY OF ResuLTs 


Results 


No. of Excellent Good Fair Poor Not Known 
Diagnosis Patients (No. of (No. of (No. of (No. of (No. of 
Patients) Patients) Patients) Patients) Patients) 


Poliomyelitis 2 
Spastic paralysis 7 2 3 1 l 
Spina bifida 3 2 I 

Relapsing club-foot 2 l l 
Peroneal paralysis 


(traumatic ) 


Atypical muscular dystrophy 3° 2 

Friedreich’s ataxia 2°° 2 

Charcot-Marie-Tooth l 
disease 


Total 


* One patient had the procedure performed bilaterally. 
** Both patients had the procedure performed bilaterally. 


The third incision is made on the dorsum of the foot over the desired site of the new 
insertion. The posterior tibial muscle is passed beneath the anterior tibial tendon and 
through a subcutaneous tunnel to the dorsum of the foot (Fig. 4). It is usually not neces- 
sary to pass the muscle deep to the extensor digitorum communis and the extensor hallucis 
longus, although it can be done if this seems desirable. The length of the tendon available 
may alter the plan of location and the method of insertion. In one patient it was necessary 
to insert the tendon into the middle cuneiform instead of the cuboid as originally planned 
and, in another, into a strip of peronaeus brevis tendon, because of insufficient length. 
The pull out-wire technique has been most helpful in overcoming the difficulty of anchor- 
ing the tendon in several patients. In general, the location of the new insertion should 
depend upon the degree of imbalance and the power of the remaining musculature. 


SELECTION OF PATIENTS FOR OPERATION 


The most favorable results from this procedure may be expected in the varus foot 
with an overactive posterior tibial muscle, good calf muscles, and a deficit in power of the 
muscles of dorsiflexion. In this type of foot, transplantation of the posterior tibial tendon 
through the interosseous space to the dorsum of the foot simultaneously releases the 
major cause of the varus deformity and supplies a strong muscle for dorsiflexion of the 
foot. The first few patients operated upon in this series had foot deformities of this type. 
The results in these cases revealed the effectiveness of the posterior tibial tendon as a 
dorsiflexor and led to its use in a wide variety of conditions with muscle imbalance about 
the foot. In six cases, either the anterior tibial tendon or the peronaeus longus tendon 
was transferred to the dorsum of the foot at the time of the posterior tibial transplan- 
tation. In the remainder of the cases (twenty-three of the twenty-nine operations), the 
posterior tibial tendon alone was transplanted. In twelve patients, a triple arthrodesis 
had been performed prior to the tendon surgery. Most of the patients were too young for 
foot stabilization; some of them may require an arthrodesis at a later date. One patient 
with Friedreich's ataxia, upon whom a bilateral transplantation of the posterior tibial 
tendon was performed, had preliminary operative procedures on each foot consisting in 
plantar fasciotomy, interphalangeal arthrodesis of the great toes, and transplantation 
of the extensor hallucis longus tendon to the first metatarsal. 

Cerebral spastic paralysis and anterior poliomyelitis were the most common condi- 
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Pic. 6-A Fic. 6-B 


Preoperative photographs. L. C., a boy, nine years old, had equinovarus due to spastic paralysis. 
Both lower extremities were involved, the right more markedly than the left. 


tions for which the procedure was performed. The others were congenital club-foot, spina 
bifida, an atypical form of muscular dystrophy, Charcot-Marie-Tooth disease, peroneal 
paralysis secondary to trauma, and Friedreich’s ataxia. 
POSTOPERATIVE MANAGEMENT 

Each patient had immobilization of the extremity operated upon in a plaster cast 
which maintained maximum dorsiflexion of the ankle. Except in some of the patients 
with spastic paralysis, it was not considered necessary to apply the cast above the knee. 
The initial cast was removed between ten days and two weeks after operation; skin 
sutures were removed and a walking boot was applied. If the pull-out-wire technique 
had been employed in inserting the tendon into bone, care was taken to provide protection 
for the button area by proper padding. Patients were discharged from the Hospital at 
this time. Weight-bearing in the plaster boot was permitted at two weeks. Each patient 
returned to the Out-Patient Clinic six weeks after surgery for removal of the cast; the 
pull-out wire was withdrawn at that time in those cases in which it had been used. Most 


patients wore short leg, drop-foot braces for three months after the cast had been removed. 


It is now felt that a brace is necessary only when there is a strong tendency for the foot 
to go into equinus, thereby exerting tension on the posterior tibial tendon. Muscle re- 
education and exercises are an important part of the postoperative program during this 
period. The new function of the posterior tibial muscle was evident immediately after 
removal of the plaster in those patients with spastic paralysis. The remainder of the 
patients had acquired the function within three months after operation; improvement in 
strength and control of the transplant was noted during the next three months. 


ANALYSIS OF RESULTS 


A tabulation of the results of transplantation of the posterior tibial tendon in twenty- 
nine cases is shown in Table I. In four patients a final evaluation was not possible; in 
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two cases sufficient time had not elapsed since operation; and two could not report to 
the Clinie for examination. Of the remaining twenty-five, the results were excellent in 
seventeen; good in seven; and fair in one. A result was considered to be excellent if there 
was satisfactory improvement in the position of the foot with good power of the trans- 
planted muscle, if the functional deformity was corrected, and the gait was significantly 


Fic. 6-C Fic. 6-D Fic. 6-1 
Figs. 6-C and 6-D: Photographs made seven months after transplantation of the posterior tibial 
tendon to the cuboid on the right side. 
Fig. 6-E: Demonstrating the function of the transplanted tendon. 


Fia. 6-F Fria. 6-G Fic. 6-H 


The transplanted tendon was under voluntary control. Because of its insertion into the cuboid, 
a pull into valgus was obtained. 
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better. A result was considered to be good if the improvement in the gait and in the position 
of the foot was satisfactory but the function of the transplanted muscle was less than 

strong. Patients with a fair result showed improvement in foot position and gait, but 

demonstrated little power in the posterior tibial transplant. In patients with poor results 

there was no improvement over the preoperative condition. 

Four cases of drop-foot (three due to poliomyelitis and one following trauma to the 
peroneal nerve) were corrected by transferring both the posterior tibial and the peronaeus 
longus tendons to the dorsum of the foot. In each instance the examiner was satisfied that 
both muscles were functioning, and each of these patients demonstrated strong, active 
dorsiflexion of the ankle. Three of these patients had stabilization operations (triple 
arthrodesis) before the tendon transplantations. 

In two patients in this series the anterior tibial tendon was transplanted to a more 
lateral position in addition to the transplantation of the posterior tibial tendon. The 
result in one of these, a patient with spastic paralysis, is not known. The other patient, 
who had functional equinovarus deformity due to spina bifida, obtained an excellent 
correction of the deformity with good function of the transplanted tendons. 

Of twenty-three transplantations of the posterior tibial tendon alone, a final evalua- 
tion was obtained in twenty operations performed on seventeen patients. Three patients 
had similar operations on both feet. With the exception of six cases of spastic paralysis, 
which will be discussed separately, the posterior tibial muscle was shown to function 
effectively as a dorsiflexor of the ankle in every case. There was no indication that the 
excursion of the tendon was restricted by transplantation through the interosseous space. 

Of the six patients who had the operation performed for deformities due to spastic 
paralysis, function of the transplanted tendon could be demonstrated, but only two of the 
patients obtained voluntary control of the muscle. All of the patients, however, were 
significantly benefited by the operation. The varus deformity was corrected and there 
was considerable improvement in the functional equinus. In all of the patients with 
spastic paralysis it was observed that the posterior tibial muscle contracted simultaneously 
with the calf muscles and partly counteracted the strong pull of the calf muscles which 
is present when the patient walks. In one patient, in whom a gastrocnemius neurectomy 
had been performed, the pull of the posterior tibial muscle seemed to exceed the power of 
the calf muscles. This may lewi eventually to the development of a calcaneus gait. 

When equinovarus is the initial deformity in these patients with spastic paralysis, 
there may be a tendency to transplant the posterior tibial tendon too far laterally. Remov- 
ing the tendon from its normal insertion relieves, in large measure, the varus element. 
By transplanting it lateral to the mid-line of the foot, a muscle pull favoring the valgus 
position is obtained. In one patient, in whom the posterior tibial tendon had been inserted 
into the cuboid, an undesirable degree of valgus resulted (Figs. 6-E to 6-H). This experi- 
ence suggests that it is unwise to transplant the tendon as far laterally as the cuboid 

bone in patients with spastic paralysis. Insertion into the second or third cuneiform has 
given the best results in this group of cases. 

Only two cases of club-foot with recurrent deformity are included in this series; the 
result in one of these is not known. The case available for follow-up study revealed a 
well functioning transplantea muscle and no further recurrence of the deformity. Trans- 
planting the posterior tibial tendon to the lateral side of the foot (cuboid bone) should 
be a logical and worth-while procedure for congenital equinovarus which has been corrected 
and has a strong. tendency to recur. One of the authors has used this procedure in three 
cases of relapsing club-foot with excellent results. The operations were performed at 


another hospital and are not included in this study. 


SUMMARY 


The role of the posterior tibial muscle in producing foot deformities has been stressed 
in the literature. The importance of releasing the posterior tibial tendon in correcting an 
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equinovarus deformity has been well recognized. A review of the literature, however, 
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is not a well known operative procedure. 
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eals that transplantation of the posterior tibial tendon through the interosseous space 


Transplantation of the posterior tibial muscle and tendon through the interosseous 


space is a valuable operative procedure and can be relied upon to restore active dorsi- 
flexion of the foot. The operation is applicable to a wide variety of conditions in which 
the posterior tibial muscle has good power and there is a need for an additional dorsiflexor 
of the foot. 
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DISCUSSION 
ARTHRODESIS OF THE Hip 1n Wipe ABpuUCcTION 


(Continued from page 1140) 


In another case, this type of osteotomy was used to salvage a cup arthroplasty which had failed com- 


pletely. The patient required motion at the hip because most of her work was done in the sitting position, 


she was offered an arthrodesis as a solution to her problem. She realized that « stiff hip would handi- 
her greatly and weleomed the preservation of some flexion. The remainder of the neck was removed 
an osteotomy was performed, the apex of the angulation being placed medially and anteriorly. This 


procedure gave her apparent lengthening, stability, and flexion of 90 degrees, so that she could sit without 
difficulty. She gave up crutches and walked with a cane, and has had freedom from pain. 


The operation works equally well after failure of an endoprosthesis. The resection of the head and neck 
been performed already. After the removal of the endoprosthesis, the angulation osteotomy is relatively 


Dr. J. ALpert Key, Sr. Louis, Missourt: The idea of a wide abduction arthrodesis was the authors’ 
I had nothing to do with it. I did use it as a basis for the operation for pressure arthrodesis, which I 


devised about the same time, and as a basis for experimental research which I have been working on off and 
on ever since. I still have not been able to find out whether it is pressure or the immobilization and contact 
of the wide bone surfaces which is the important factor. Dr. Abbott and I argued about this in the twenties 


we have not settled it yet. 
(Continued on page 1232) 
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THE TRANSMETATARSAL AMPUTATION IN 
PERIPHERAL VASCULAR DISEASE *+ 


BY HERBERT BE. PEDERSEN, M.D., AND A. JACKSON DAY, M.D., DETROIT, MICHIGAN 


From the Department of Surgery, Wayne University College of Medicine, Detroit, and the 
Division of Orthopaedic Surgery, United States Veterans Administration Hospital, Dearborn 


Since 1944 McKittrick and his coworkers have used the transmetatarsal amputation 
in the treatment of carefully selected patients with gangrene limited to toes. Although 
these authors have demonstrated in a significant number of cases that the procedure is 
generally successful, there is still much debate as to its real value. It is apparent that many 
surgeons dealing with peripheral vascular disease have had no experience with this opera- 


tion and hesitate to try it. There are many who still feel that an amputation above or 
below the knee is indicated for the treatment of arteriosclerotic gangrene of toes. Others, 
such as Pratt and Samuels, feel that the transmetatarsal amputation has little to offer, 
since it can be successful only in those patients who can be adequately managed by limiting 


therapy to the involved toes. 

At the Dearborn Veterans Hospital, since 1947 all amputations have been performed 
on the Orthopaedic Service. Those patients with complications of peripheral vascular 
disease are seen by both the Surgical Peripheral-Vascular Service and the Orthopaedic 
Service, and the combined treatment program is outlined. We have been using the trans- 
metatarsal amputation since 1950 in the belief that, as the medical and surgical treatment 
of peripheral vascular disease improves, patients live longer and all amputations become 
more successful; moreover, we believe that long-term function is a primary consideration. 
It is our feeling now that, in properly selected patients, the transmetatarsal amputation 


results in an excellent functioning extremity, with relief of symptoms, and that it often 


prevents a more disabling amputation at a higher level. 

In peripheral vascular disease, gangrene results either from sudden occlusion of a 
major vessel, or from a mild precipitating factor in gradually progressive peripheral in- 
sufficiency. The common precipitating factors are exposure to heat, cold, or trauma, and 


infection following trimming of corns or nails, or epidermophytosis. We are concerned 
with this second group of patients. In that group it is recognized that the patient has a 
generalized disease and that, once gangrene develops in one toe, he is likely to have re- 
peated episodes, with involvement of both feet, and with frequent periods of hospitaliza- 
tion. Gangrene and infection beginning in the toes is frequently progressive, spreading to 
the dorsum of the foot or along the plantar aspect of the foot and finally requiring a major 


amputation. 
For these reasons it appears that, in properly selected patients with gangrene limited 
to toes, removal of all the toes is indicated both as treatment for the presenting disease 


and as a prophylactic measure. 

We have now performed twenty-three transmetatarsal amputations for gangrene 
with results which parallel those of McKittrick and his associates. On the basis of that 
experience we would like to discuss the proper selection of patients, the preoperative 
preparation, the operative technique, and the postoperative care, with a few additional 
remarks on the rationale of treatment. It is hoped that there will be a more widespread 


use of this operation. 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 


January 25, 1054 
t Reviewed in the Veterans Administration and published with the approval of the Chief Medical 


Director. The statements and conclusions published by the authors are the result of their own study and do 
not necessarily reflect the opinion or policy of the Veterans Administration. 
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According to Mekittrick and his coworkers, the operation is indicated for gangrene 
of all, or a part, of one or more toes, providing the gangrene and infection are stabilized 
and do not involve the dorsal or plantar surfaces of the foot. They also include those 
patients who have stabilized open infections in the distal portion of the foot, if the entire 
lesion can be excised and primary closure can be obtained. They emphasize that it is diffi- 
cult to determine the possibility of success in a foot with deficient circulation on any basis 
other than clinical judgment. In general, the poorer the circulatory and nutritional status 
of the foot, the less chance there is of suecess. However, the absence of palpable pulsation 
below the iliac or femoral artery is no contra-indication to this operation. The special 
diagnostic measures used in peripheral vascular disease have been of no material benefit. 
If the skin on the dorsum of the foot is warm and has good nutrition, success can be 
expected. Many patients fall into a borderline category and must be advised that the 
possibilities of healing are questionable. However, there are many patients with healed 
transmetatarsal stumps who preoperatively had no pulsation below the femoral artery 
and who had cool, shiny, thin skin on the dorsum of the foot. Success has not been seen 
in cases in which there was discoloration on the dorsum, except for redness from inflam- 
matory changes. 

The preoperative period of preparation is considered to be the most important factor 
in determining success. During that period of two to three weeks, the patient is restricted 
to bed rest with the extremity flat in bed, and with the head of the bed elevated a few 
inches. It is hoped that this rest will decrease the circulatory requirement, prevent addi- 
tional trauma, allow the control of infection, and prevent the extension of gangrene. 
Transmetatarsal amputation is indicated for those patients whose gangrene is stabilized 
and not progressive. 

During the period of preparation, the control of infection is an important problem. 
The presence of infection should be assumed in all patients, including those who have been 
classified as having ‘‘dry gangrene”’ or ischaemic necrosis. It is always possible, in these 
mummified toes, to demonstrate that at the line of demarcation there is a break in the 
skin, and in most cases there is a small amount of pus. In these patients, unless suitable 
precautions are taken, infection is introduced. Therefore, all patients are given antibiotics, 
and loose sterile dressings are worn at all times. The sterile dressings are removed once or 
twice daily for a fifteen-minute foot bath in tepid water to which some white soap has 
been added. The foot baths are used to promote drainage and to allow a gentle débride- 
ment. In the foot bath, necrotic tissue which is spontaneously separating can be removed 
with forceps and scissors, but viable tissue should never be touched. 

Infection as a major problem is usually found in the group of diabeties with arterio- 
sclerosis. There may be gross spreading infection, particularly along the tendon sheaths 
in the plantar aspect of the foot, requiring amputation of a toe or a wide incision and 
drainage, including the removal of the toe and its metatarsal. Only when infection has 
been completely controlled and it is obvious that there is no progression of gangrene, can 
the transmetatarsal amputation be considered. 

Several important points in the operative technique must be considered. The amputa- 
tion level is just proximal to the metatarsal heads, so that at the conclusion of the am- 
putation, for all practical purposes, there is only bone between dorsal and plantar layers 
of skin and subcutaneous tissue. A more proximal level would pass through the deep 
structures of the foot, including relatively ischaemic muscle. The dorsal incision begins 
mid-way between the dorsal and plantar surfaces on either side, and with one sharp ineci- 
sion down to bone it is continued in a straight line across the dorsum to the mid-point on 
the opposite side. This is at the level of bone amputation, no dorsal flap being formed. 
The plantar incision begins at either end of the dorsal incision and parallels the proximal 
flexion crease of the toes, but runs one centimeter proximally to the flexion crease. This 
incision likewise must be sharp and directly down to bone. The long plantar flap thus 
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obtained is dissected back to the level of bone 
amputation. The metatarsal heads, beginning 
with the first, are then removed with a saw. 
The saw blade is allowed to rest against the 
previously cut metatarsal, which serves as a 
guide, so that an even stump is formed. The 
plantar tendons and sesamoids are then re- 
moved at the bone level. The closure is made 
preferably in one layer with non-absorbable 
suture. As atraumatic a technique as possible 
is mandatory. At no time should the skin 
margins be touched with forceps. Tissues 
should be handled lightly with the fingers and 
; a moist gauze sponge. Also, the closure should 
4 be meticulous, leaving no dog-ears, as these 
+ will slough out. A large bulky dressing is ap- 
. plied to the whole foot and ankle, with gentle 
- pressure. Since these feet will not tolerate 
i much pressure, the skin over the malleoli and 
the base of the fifth metatarsal should be 
carefully padded, and adhesive tape should 

never be placed directly on the skin. 

After operation the patients return to 
| strict bed rest, with the head of the bed 
| slightly elevated. At least half of the sutures 

should remain in place for two weeks. Buer- 

ger’s exercises are begun ten days to two 

weeks after operation, in preparation for 

ambulation at three weeks; by that time, 
healing is usually complete if it took place by 
quent to the trimming of a callus. primary intention. The patient at first walks 

with loose slippers until all swelling has gone 

and then wears his usual shoes. The toe is 
stuffed with wool or cotton and a thin piece of spring steel is placed between the layers 
of the sole. Some patients have preferred to remove the spring steel. The final gait is excel- 
lent at a moderate walk, but a limp appears with increasing rates of movement. 

Deformities from unbalanced musculature do not develop in the stumps, and they 
will stand up well under use. While we have adequate follow-up studies on the series to 
be reported here, the figures of MeKittrick and his associates * are more significant. They 
reported on a group of diabetic patients followed for as long as fifty-seven months. Of 146 
patients who left the hospital with healed stumps, ulceration recurred in only twenty- 
four, or 16 per cent., and only six of these had amputation at a higher level. They reported 
that, of 202 patients followed, 135, or 67 per cent., had satisfactory results; thirty-two, or 
16 per cent., had unsatisfactory results (they were ambulatory, but with incomplete heal- 
ing or recurrence of ulceration); and thirty-five, or 17 per cent., had failures (with pro- 
gressive difficulty and amputation at a higher level). 

Using the technique described, we have performed twenty-three amputations on 
twenty-one patients with peripheral vascular disease. Of these, three were for thrombo- 
angiitis obliterans, five for arteriosclerosis, and fifteen were for diabetes with arterio- 
sclerosis. With one exception, all had gangrene limited to one or more toes, associated 
with mild to moderate local cellulitis. The exception was a diabetic patient with a per- 
sistent ulcer in a first toe, associated with severe rest pain. 


THE JOURNAL OF BONE AND JOINT SURGERY 


a 

I 

\ 


TRANSMETATARSAL AMPUTATION IN PERIPHERAL VASCULAR DISEASE 


= 


Fic. 1-B Fic, 1-C 


Fig. 1-B: Two weeks after transmetatarsal amputation, without sympathectomy, there was primary 
healing. The discoloration on the dorsum of the foot occurs frequently and in some cases becomes a 
necrotic slough. 

Fig. 1-C: Healing was uneventful, and the patient is asymptomatic; he is at work as a hotel clerk. 


Hight patients had primary healing; nine had secondary healing; four still have small 
granulating areas which are expected to heal; and two had gross failures. The two failures 
were due to progressive gangrene beginning at the amputation site; they occurred in 
patients who were known to have such extensive disease that success was most unlikely. 
These patients finally had reamputation above the knee. 

It is believed, however, that, no matter what criteria are used for selecting patients, 
there will still be some failures. Moreover, it is probably true that, unless there is a certain 


percentage of failure in any series, not enough transmetatarsal amputations are being 
done. The patient and his relatives should be advised that failure or delayed healing is a 
definite possibility and, unless both the patient and the physician are prepared to deal 
with these complications, the operation should never be attempted. 

The two most common causes of delayed healing are marginal necrosis of the wound 
edges and wound infection. We include with marginal necrosis the sloughing of dog-ears 
and extension of gangrene to the dorsum of the foot. With wound infection we include 


minor stitch abscesses and gross wound infection. A discussion of these complications is 
of importance, because they occur frequently and because, if they are not managed prop- 
erly, the percentage of failure increases sharply. In the ischaemic extremity the balance 
between the avaiable blood supply and the need for nutrition is so fine that any wound 
complication is likely to tip the balance toward gangrene. Any incision will increase the 
demand for blood. The wound complications, therefore, should be treated in the same 
fashion in which the foot was prepared for surgery, that is, with antibiotics, sterile dress- 
ings, and daily tepid soaks, allowing for drainage, spontaneous separation of necrotic 
material, and healing by granulation tissue. We feel that surgical removal of eschars, 


secondary closures, and skin-grafting should be avoided. 
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Fig. 2-A: After lumbar sympathectomy, « transmetatarsal amputation was performed. Healing was 
complicated by a stitch abscess 


Fig. 2-8: Healing was complete three months after operation 


Marginal wound necrosis and moderate extension of gangrene occurred seven times; 
in one of these cases this was due to the slough of a dog-ear. Of these, four patients have 
obtained separation of the eschar and final healing, and three have small, clean, granu- 
lating areas of less than one square centimeter, which are expected to heal. The time re- 
quired to achieve healing is of great importance. The four stumps which healed did so in 
three, three and a half, twelve, and fifteen months. In the three stumps not quite healed, 
the interval since operation was nine, fifteen, and sixteen months at the time of writing. 
However, all of these patients were ambulatory on crutches, beginning about two months 


after operation, when the eschar separated and granulations appeared. 
Postoperative infeetion occurred in six patients. Two patients had small stiteh ab- 
scesses. Each of these required three months before complete healing under the regimen 


described above. In four patients there was gross infection of the entire wound. Three of 


these were diabetics with infected necrotic toes who had been operated upon when it was 
felt that the infection was adequately controlled. At the time of operation in one it was 
obvious that there was some extension of infection along the flexor tendon sheath. This 
was probably true in the others also. The fourth patient with gross wound infection had 
Buerger’s disease; because of his excruciating pain, he had been operated upon before the 
infection was completely controlled. In these four patients all sutures were removed; the 
flap was completely freed; and the wound was thoroughly irrigated. They were again 
treated with daily soaks and sterile dressings, with suitable antibiotics. Without additional 
surgery each of these wounds healed uneventfully in four, four, five, and seven months, 
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Fig. 3-A: After transmetatarsal amputation, 
there was a gross wound abscess. 


Fig. 3-B: With foot baths, rest, and sterile 
dressings, and with no additional surgery, heal- 
Fig. 3-A ing was complete in five months. 


respectively. The flap was pulled up over the bone end by granulation tissue, and good 
functional stumps resulted. When infection is the primary problem, it can be handled if 
drainage is adequate. This experience is similar to that reported by Furste and Herrmann. 


In the consideration of specific factors which contribute to success or failure, an 
attempt was made to correlate palpable pulsation in the extremity and the rate of healing. 
Only three patients had palpable pulsations in the foot. Of these, one had healing by 
primary intention, in one there was marginal necrosis with eventual healing in three and 
a half months, and in one there was a small stitch abscess which was finally controlled in 
three months. Of five patients whose most peripheral palpable pulse was the popliteal, 
three had healing by primary intention, one had a stitch abscess which was controlled in 
three months, and one had a gross wound abscess with healing in four months. Of fifteen 


patients whose most peripheral palpable pulse was the iliac or femoral, four had healing 


by primary intention; in six healing was complete but delayed; in three healing was incom- 


plete at the time of writing but is expected; and two had gross failures. Thus the failures 
and those with unduly prolonged healing are in the group with no pulsation below the 
femoral artery. While it is obviously true that the poorer the circulation, the less chance 
there is of healing, success or failure cannot be determined on the basis of palpable pulsa- 
tion. McKittrick and his associates emphasized that there are frequent surprises in both 
directions. Success or failure is probably determined by the extent of collateral circulation 
which has developed and there is no accepted method of determining that collateral cireu- 
lation except the purely clinical. None of the objective methods has been so successful as 
inspection of the leg for the color and nutrition of the skin and subcutaneous tissues, 


palpation for warmth, and clinical experience. 

Although little work has been done on the problem, there is some experimental evi- 
dence and much clinical evidence that the transmetatarsal amputation takes great ad- 
vantage of the collateral circulation as it develops in the leg. Injected specimens, such as 
were illustrated by Mekittrick and Root, as well as some of our own, suggest that there 
are areas where collateral circulation develops with ease and others where it is virtually 
impossible. It is felt that there are few, if any, collateral vessels in the toes, the dorsum 
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Fig. 4-A: A diabetic, sixty-two years old, treated for gangrene of the first toe. There was no pulse be- 
low the femoral, and the skin on the dorsum of the foot was cool, shiny, and atrophic. Two weeks after 
transmetatarsal amputation there was marginal necrosis and discoloration of the medial portion of the 
plantar flap 

Fig. 4-B: With conservative care the patient became ambulant early, but complete healing required 
fifteen months of treatment 


of the foot, and along the anterior aspect of the leg. On the other hand, there may be many 
fine collateral vessels in the plantar subcutaneous tissue. When postoperative gangrene 
is seen after amputations for peripheral vascular disease, it is almost always confined to 
the dorsum of the foot in the transmetatarsal amputations and amputations of single toes, 
and to the anterolateral skin flap in the below-the-knee amput«tion. A great part of the 
success of the transmetatarsal amputation is due to the use of a long plantar flap of skin 
and subcutaneous tissue without a dorsal flap. Likewise, the amputation is performed far 
enough distally so that the deep structures of the foot are not involved. 

If the development of collateral circulation is of importance, the role of preoperative 
lumbar sympathectomy must be evaluated. The patients in this series were seen by the 
Surgical Peripheral Vascular Service, who performed lumbar sympathectomy upon four- 
teen of the twenty-one patients. The results, in that group, parallel those in the group as 
a whole, with variation from primary healing to complete failure and early high amputa- 
tion. One of these patients, who had palpable pulsations in the foot, still had marginal 
necrosis following his amputation, final healing being delayed three and a half months. 
On the other hand, among those for whom sympathectomy was felt to be of no value was 
a man, seventy-five years old, with pipe-stem vessels visible in roentgenograms of the feet; 
his most peripheral palpable pulse was the femoral artery and his wound healed by primary 
intention, except for a small dog-ear which sloughed and healed. 
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It is the authors’ belief that with the material available in this study we cannot evalu- 
ate the role played by lumbar sympathectomy in the final results. The series is too small, 
and the records of the response to sympathectomy are too inaccurate. According to our 
clinical observations in this type of patient, it did not influence the final outcome. Warren 
and his associates reported similar observations. There was, however, no extension of 
gangrene which could be attributed to lumbar sympathectomy. Since there have been 
no complications of sympathectomy, and there has been no accurate method of preopera- 
tively evaluating the postoperative response, the operation has been recommended when- 
ever it was felt that any degree of response might follow. It is possible that many of the 
good results are in part due to increased peripheral blood supply following lumbar 
sympathectomy. 

Sympathectomy in the past has been recommended as a means of controlling rest 
pain. It has been well established that in many cases of intermittent claudication the 
response is dramatic. In this series we were concerned, however, with persistent pain in 
the toes with or without an open, infected lesion. In five of these patients such pain was 
a major complaint and in no case did sympathectomy relieve the pain. On the other hand, 
all five were completely relieved following transmetatarsal amputation when the wound 
was completely healed. One of these patients had healing by primary intention and was 
relieved immediately. One had a non-infected marginal necrosis after operation. He was 
completely relieved until the eschar separated, exposing granulating tissue. His pain re- 
turned, and disappeared finally when the wound was completely healed. Two of the 
patients with Buerger’s disease had exquisite pain preoperatively, as well as postopera- 
tively while infection was present. They likewise were relieved when healing was com- 
plete. It is believed that pain in these patients is due in large part to involvement of 
peripheral nerves by fibrosis and acute inflammation. 

In many patients pain is so severe and so persistent that large doses of narcotics are 
necessary and the patients become severe nursing problems. Many limbs under such cir- 
cumstances have been needlessly sacrificed at the patient’s insistence. Pain in the toes at 
the site of an open lesion is not an indication for a major amputation. These patients do 
not become narcotic addicts. In each of the cases mentioned the patient stopped asking 
for relief when his lesion was healed. 

From the combined experience of those who have used the transmetatarsal amputa- 
tion in peripheral vascular disease it is apparent that it is possible in a high percentage of 
patients to obtain well healed stumps. In any discussion of the use of this type of amputa- 
tion three specific criticisms can be made. The authors feel that these criticisms should be 
mentioned and discussed briefly. 

First, it is believed by some that using a conservative amputation merely delays the 
inevitable amputation at a higher level. In the present series there were only three late 
complications. In one patient, fourteen months after complete healing, gangrene of the 
entire leg developed and a reamputation was performed; in one patient, one year after 
complete healing, a small superficial infection developed which was easily controlled; and 
one patient died of coronary-artery disease three months after complete healing. In the 
follow-up study of McKittrick and his coworkers * only six of 146 patients had reamputa- 
tion at a higher level. 

The second criticism is that many of the patients suitable for transmetatarsal amputa- 
tion need only removal of the involved toes. Yet, if treatment is limited to the involved 
toes, several months are frequently required for complete healing. After this treatment, 
gangrene may at any time develop in the remaining toes, the most vulnerable part of the 
extremity. Of the twenty-one patients in this series, nine had had one or more previous 
hospital admissions for the treatment of gangrenous toes. In such episodes it may not be 
possible to prevent the spread of gangrene and infection to the foot, or, therefore, to pre- 
vent a major amputation. 
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The third criticism is that for some patients too long a time is required for delayed 


healing, resulting in great economic loss and delay in rehabilitation. In this group of 


twenty-three amputations, there were thirteen instances of delayed healing, or 56 per cent. 
of the total. In most cases the patients were ambulant and might have been out-patients 
after two months. In this group only five stumps have required longer than seven months 
to heal satisfactorily, and in each of these there was some reason for feeling that prolonged 


treatment was justified. One patient accounted for two of the five stumps. He was an 


elderly diabetic with no peripheral pulse below the femoral on either side. At different 


times gangrene of the first toe in each foot developed. On each side, when demarcation 


was complete, a transmetatarsal amputation was performed. At the time of each amputa- 
tion he had rest pain, marked atrophy of the leg, and cool, thin, shiny skin on the dorsum 
of each foot. One stump healed in fifteen months and the other was almost healed at fifteen 
months. In many clinics both extremities would have been treated by amputation above 


the knee 

It is unfortunate that this serious disease occurs primarily in elderly people. There is 
always bilateral involvement and, in the event of bilateral high amputations, these pa- 
tients do not successfully wear prostheses and a wheel-chair existence results. 

It is the authors’ impression that the more widespread use of the transmetatarsal 


amputation will prolong the productive lives of many patients. 
Nove: The authors wish to thank Mr. Far! Bartlett, medical photographer at Dearborn Veterans Hos- 
pital, who took the photographs used to illustrate this paper. 
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DISCUSSION 


Dr. Donarp B. Stocum, Lucene, OreGon: Prior to World War IL it was standard practice to amputate 


the gangrenous extremity of the patient with peripheral vascular disease, either through the necrotic portion 
of a gangrenous toe or above the supracondylar level. During the past decade amputations below the knec 
and through the fore part of the foot have been noted with increasing frequency. Such presentations as this 
Day’s have led us to ask: (1) Why this trend toward conservatism? (2) Is the 
What are the indications for this amputation? 


one of Dr. Pedersen and Dr 


transmetatarsal amputation a good procedure? (3 
The trend toward conservatism is based on the marked reduction in morbidity and mortality after 


amputation procedures. Three factors are primarily responsible for this. First, improvement in anaesthetic 


methods and geriatric care. Second, the better control of infection because of the intelligent use of rest and 


antibiotics, and the development of meticulous dressing techniques both preoperatively and postoperatively 


Third, the fear that reamputation will be necessary because of infection and spreading gangrene has been 


diminished, since the latter occurs less frequently, and is more readily controlled when it does occur. 


Is metatarsal amputation a good procedure?—there is little doubt that a 


As to the second question 
well healed, painless amputation stump at the level of the metatarsal necks is satisfactory for patients with 


peripheral vascular disease. Rapid gait, squatting, and tiptoeing are virtually lost, but moderate to slow 
gait is good. In the age group concerned, this last function is all that is usually required. No prosthesis is 


necessary and only stuffing of the toe and occasionally a spring steel in the sole of the shoe are required. For 
patients with peripheral vascular disease, the fact that transmetatarsal amputation provides relatively 


normal gait and requires no prosthesis is of no mean importance and is a definite advantage over amputation 


at a higher level, since the increased strain imposed on the opposite extremity by the prosthetic gait may 


precipitate gangrene in that member 
The question of indications for transmetatarsal amputation may be broken down into two further 


SURGERY 


AND JOINT 


THE JOURNAL OF BONE 


| 


TRANSMETATARSAL AMPUTATION IN PERIPHERAL VASCULAR DISEASE 1199 


questions: (1) When may transmetatarsal amputation be done? and (2) Should it be carried out in preference 
to amputation of the toe? 

Transmetatarsal amputation is contra-indicated when gangrene is due to sudden major arterial occlu- 
sion. Under such circumstances the extremity must be amputated at a level compatible with tissue healing 
and the use of a prosthesis. 

The operation is indicated when gangrene of the toes is due to progressive peripheral insufficiency, 
provided that the progress of gangrene is stabilized to a point of demarcation, infection is controlled, and 
the circulation of the skin on the dorsum of the foot is adequate. Since the decision for amputation is based 
on clinical judgment rather than upon standard testing methods, the procedure must be performed by an 
experienced clinician. 

The answer to the question whether or not transmetatarsal amputation should be done in preference 
to toe amputation is more difficult. The authors say, in effect, that involvement of a single toe is the precursor 
of further and more extensive gangrene and that it is well to carry out amputation of the fore part of the foot 
as a prophylactic measure. Others feel that, if the circulation is adequate to support the minimum metabolic 
requirements of the tissues, as well as the reactionary inflammation which limits the extension of gangrene 
and infection, the circulation will be adequate to support the trauma of toe amputation. It is my feeling 
that in limited gangrene of a single toe, when amputation may be carried out through healthy tissues, such 
as the neck of the first or fifth metatarsal or the proximal phalanx of the second, third, or fourth toes, this 
is the procedure of choice. However, if more than one toe is involved or if a second toe amputation is required, 


transmetatarsal amputation should be considered on the basis of prophylaxis. 


Dr Harry D. Morris, New Orveans, Louisiana: I have had little first-hand experience with the 
technique described, principally because transmetatarsal amputations for peripheral vascular disease are 
rarely performed by those of us who do the majority of amputations in our area. Another reason, however, 
may well be that, as Dr. Pedersen has pointed out, because we have had little experience with the operation, 
we hesitate to try it. We all agree that a successfully performed transmetatarsal amputation is superior to 
other lower-extremity amputations for the elderly, principally because it eliminates the necessity for special 
prosthetic devices. In addition, because of the availability of antibiotics and the improved medical and surgi- 
cal treatment of peripheral vascular disease, particularly adjunct sympathectomies, amputations at lower 
levels are now much more feasible than formerly. In our Clinic, we strongly believe that sympathectomies 
are not only helpful in relieving the symptoms of both vasospastic and degenerative organic disease of blood 
vessels, with or without diabetes, but also give a much better prognosis in patients with impending gangrene. 

One disadvantage of the transmetatarsal technique, particularly in private patients, is the prolonged 
period of preoperative preparation and the relatively long postoperative period of observation necessitated 
by the frequent development of complications, Moreover, the surgeon must be extremely careful to perform 
an amputation at a level which will ensure as far as possible that amputations at a higher level will not be 
necessary later. These disadvantages, however, are not as great a consideration for patients in publie institu- 
tions, for whom prolonged hospitalization is not an economic problem, 

In some hands, the percentage of successful results after transmetatarsal amputations has not been 
nearly as high as that reported by Dr. Pedersen. Furste and Herrmann in 1948 reported forty-one diabetics, 
with satisfactory results in 37 per cent.; twenty-six patients with arteriosclerotic gangrene, with satisfactory 
results in 31 per cent.; and twelve patients with frostbite, with satisfactory results in 92 per cent. However, 
the early cases in that series were seen in 1934 before the advent of penicillin and the operations were per- 
formed without primary closure; this undoubtedly accounts for many of the failures. 

I wish to re-emphasize the point made by Dr. Pedersen that atraumatic handling of tissues, particularly 
of skin flaps at the time of amputation, is paramount. Also, determination of the possibility of a successful 
result of amputation at any site in an extremity with deficient circulation depends entirely on the clinical 
judgment of the operator and special diagnostic measures are of little value. 

I am sure that reports of this type with careful follow-up studies will result in much wider acceptance of 
this procedure, which has unquestionable advantages when performed according to the indications. 


Dr. Pepersen (closing): One point I think is sometimes overlooked—there are two types of patients 
with gangrene limited to toes. One is the man who has just had a sudden occlusion of a major vessel and 
who, after conservative care, has gangrene limited to toes. Every time we have done a transmetatarsal 
amputation in that type of patient, we have had difficulty. Our two failures and many of the cases of delayed 
healing occurred in that type of patient. I do not claim that this type of amputation is superior to others, 
but I would like to point out that it is a useful procedure which has much to recommend it. Whether or not 
we choose to do this operation in preference to amputating a single toe is a matter of individual preference. 
I think there are many reasons for saying that amputation of the toe involved has distinct disadvantages. 
Most of the amputations of single toes depend upon some kind of incision which encroaches on the dorsum 
of the foot. The skin of the dorsum is particularly vulnerable and for that reason there is a high incidence of 
delayed healing in patients who have amputation of a single toe. My personal feeling is that there is a high 
Continued on page 1218) 
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Stenosing tenovaginitis is a constriction of the tendon sheath, usually associated 
with an incongruous tendon surface and resulting in interference with the normal smooth 
gliding of the tendon within its sheath. When the flexor tendon sheaths and tendons of 
the fingers are involved, snapping or triggering may occur as a result of the sudden block- 
age of the tendon prominence against the stenosed sheath and the abrupt release following 
the increased force required to pass the obstruction. In some instances, passive assistance 
from the other hand may be required to complete extension or flexion of a finger, and occa- 
sionally in the adult and usually in children, locking is present. Lipscomb * in a thorough 
study of 651 cases of chronic nou-specifie tenosynovitis seen at the Mayo Clinic from 
1935-1948 estimated that in approximately 58 per cent. there would be involvement of the 
forearm, wrist, and hand, and in approximately 20 per cent. of the cases involving the 
wrist and hand there would also be stenosis of the digital fibrous sheath in the region of the 
metacarpal head, resulting in trigger-finger. 

While the tendon sheath on the lateral aspect of the radial styloid process is the most 
frequent single site of stenosing chronic non-specific tenosynovitis, de Quervain’s syn- 
drome’, we have observed only one case in which this syndrome was responsible for 
snapping of the entire thumb when abduction and flexion occurred. The thumb is praecti- 
cally the exclusive site of occurrence in the child and is affected more frequently than all 
the other fingers in the adult. The deep fascia at the metacarpophalangeal joint is thick- 
ened to form pully ligaments, and the synovial sheaths diminish friction and favor smooth 
gliding of the tendon within its sheath. The constriction occurs in this region when the 
prominent digital fibrous sheath has become thickened and stenosed. 

Triggering may be confused with joint instability at the interphalangeal joints, and 
locking, either in flexion or extension, may be mistaken for disturbances of tendon or 
nerve function. 

The authors have previously reported on the syndrome of “snapping-thumb”’, also 
known as ‘“‘trigger-thumb”’ and “stenosing tenovaginitis of the flexor pollicis longus”’, 
as it occurs in children. Since that time, with the accumulation of additional cases, they 
have become interested in the comparison of snapping fingers in children and adults from 
the standpoint of incidence, clinical and pathological findings, and response to treatment. 
During the past eight years, thirty-one adult patients have been treated for stenosing 
tenovaginitis of the long thumb flexors; in these patients, thirty-four thumbs were in- 
volved. Twelve children have been treated in whom fifteen thumbs were affected. Nineteen 
patients had involvement of twenty-eight fingers other than the thumb. 


STENOSING TENOVAGINITIS OF THE THUMB IN TWELVE CHILDREN 


The twelve children mentioned ranged in age from seventeen months to eight years, 
the average age being four years. Seven were females (58.3 per cent.) and five were males 
(41.7 per cent.). The age at which symptoms were first observed varied from birth to 
four and one half years, the average age being 2.4 years. Symptoms had been present from 
one day to five years before the child came under observation, the average duration being 
2.3 years. The right thumb was involved six times (40 per cent.) and the left thumb nine 
times (60 per cent.), and three cases were bilateral (25 per cent.). One of these bilateral 
cases occurred in a fraternal twin. Only one patient had a history of injury; a burn had 
occurred on the palm a few months previous to the onset of symptoms. Eleven thumbs 
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were locked in flexion and could not be extended, even with force. None of these children 
had a previous history of snapping. The flexed distal phalanx could usually be flexed 
actively or passively, but extension was blocked at 20 degrees to 50 degrees from complete 
extension. 

Each of these patients had a firm, palpable, non-tender nodule over the metacar- 
pophalangeal-joint region. In some cases, particularly in older children, the nodule was 
very round and distinct. It moved with the tendon and, at operation, was found to be a 
tendon nodule which accounted for most of the prominence in this region. Forced motion in 
order to obtain extension frequently caused blanching of the skin in the region of the 
nodule and discomfort to the child. 

In one case, there was a flexion deformity of the thumb; however, the thumb could 
be extended by moderate passive assistance, associated with a snap, and it subsequently 
assumed the flexed position. In two thumbs, snapping was present in both flexion and ex- 
tension. In one of these, a tendon nodule was also palpable distal to the nodule at the 
base of the thumb when the thumb was in extension. This moved with the tendon and was 
not palpable when the thumb was flexed. A girl, five years of age (Case 2), whose thumb 
had first been noticed to snap at two months of age, was seen with the distal phalanx 
locked in extension, active motion being free from complete extension to 30 degrees of 
flexion when even forced motion was unsuccessful in flexing the thumb. An additional 
nodule was palpable distal to the digital fibrous sheath and moved with the distal phalanx. 
At operation, this was found to be a tendon nodule (Fig. 3-B). This impinged against the 
distal edge of the tendon sheath when the phalanx was flexed 30 degrees and produced 
blockage. 

Local excision of the tendon sheath through a transverse incision at the base of the 
thumb was carried out on twelve thumbs in ten patients, with satisfactory results. Only 
the skin was sutured, and early active motion was encouraged. 
STENOSING TENOVAGINITIS OF THE THUMB IN THIRTY-ONE ADULTS 
Thirty-one adult patients were seen with trigger-finger, snapping-finger, or stenosing 
tenovaginitis of the flexor pollicis longus tendon. All of the adults were females. The age 
at examination ranged from twenty-nine to seventy-three years, the average age being 
fifty-two years. At the time the condition occurred, one patient was in the third decade, 
one in the fourth, ten in the fifth, twelve in the sixth, six in the seventh, and one in the 
eighth. Bilateral involvement was present in three cases (9.7 per cent.). Of the thirty-four 
thumbs affected, eighteen were right thumbs (52.9 per cent.) and sixteen were left thumbs 
(47.1 per cent.). The duration of symptoms varied from two weeks to two years, the aver- 
age duration being 2.6 months. Snapping in flexion and extension occurred in twenty-eight 
thumbs. Two of these had double snapping in both flexion and extension. 

Five cases were seen with the thumb in extension and loss of active flexion except for 
10 to 15 degrees. In two of these, passive force produced more flexion but not complete 
flexion, and, in another, full flexion was possible with passive aid. In these three cases, 
flexion by passive force was not accompanied with a snap, and the thumb sprang back into 
extension when the force was released. At operation in these cases, the tendon prominence 
was found to be blocked by the stenosed sheath when the thumb was passively flexed and 
buckling occurred. In another case of extension deformity, the thumb snapped into flexion 
and back into extension with force. In one case, the thumb that was in extension could be 
passively flexed with a snap and could be actively extended. One thumb in flexion required 
passive aid to extend but could be actively flexed. In one case, snapping of the ring finger 
subsequently developed on the same side, and, in another case, multiple bilateral triggering 
of the lesser fingers developed. 

In all cases, there was a firm palpable mass at the base of the thumb, and in no in- 
stance was there a separately palpable tendon nodule. Motions of the thumb did, however, 
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frequently cause the mass to become slightly more prominent as the tendon enlargement 
passed through the stenosed sheath. The short duration of symptoms in the adult, as 
compared with that in the child, may account for the relatively minor involvement of the 
tendon in the adult, as compared with that in the child. 

In twenty-six patients, twenty-nine thumbs were operated upon. In our adult pa- 
tients, the tendon sheath was grossly thickened and stenosed; it was this change which 
accounted for most of the nodular mass. The tendon prominence was less than that found 
in children and varied from minimal granulations to degenerative changes resulting in 
some types of nodular formation. In a few instances, it was difficult to detect grossly 
the pathological changes in the tendon that might account for the irregularly produced 
snapping 

Local excision of the tendon sheath and early motion gave excellent results without 
complication in all but two cases. In one case with bilateral involvement, a superficial skin 
infection developed, but it responded to hot wet dressings and the patient made a good 
recovery. Another patient complained of numbness on the volar surface of the thumb for 
a considerable period and had some loss of flexion. Two patients who were not operated 
upon are free of symptoms, and another still has symptoms. A woman, forty-five years of 
age, had had pain in the interphalangeal joint of the right thumb for two months and 
snapping for one month when first seen. Local injection of hydrocortone failed to give re- 
lief. Six months later, the thumb was still snapping and had almost locked in extension at 
times. A woman, who had had symptoms of pain for two months and snapping for one 
month, gradually recovered from pain, and the symptoms of snapping disappeared five 
months later. She was still symptom-free six months later when examination revealed 
some prominence of the nodule on the volar surface of the metacarpophalangeal joint, 
which was not tender. Another patient with symptoms of snapping recovered after several 
months without operation and has remained symptom-free for six years. Two patients 


with snapping thumbs did not return for follow-up care. 


STENOSING TENOVAGINITIS OF THE SECOND, THIRD, FOURTH, AND FIFTH FINGERS 


In nineteen patients, twenty-eight fingers other than the thumb were treated. Two 
of these had previously had thumb involvement and were included in the statistics on 
thumbs. In sixteen cases, the right side was involved (index finger in three, middle finger 
in five, ring finger in seven, little finger in one), and in twelve cases the condition occurred 
on the left (index finger in five, middle finger in three, ring finger in two, and little finger 
in two). In sixteen cases, the condition involved one finger only. Three cases were bilateral 
(middle finger on both hands in one case; the right second, third, and fifth fingers and the 
left second finger in another; and in the third patient all fingers of the left hand, including 
the thumb, and the right second and third fingers were involved). 

An analysis was made of several studies concerning a significant number of cases 
in which the condition occurred in the thumb and in other fingers. An average was taken 
with respect to various factors of the cases reported here and those reported by other 
authors, in order to arrive at a more accurate percentage than would otherwise be avail- 
able.'?'* * The thumb was involved more frequently (56.1 per cent.) than the lesser 
fingers. ‘7 '** The relative frequency of involvement in the lesser fingers is 39.3 per cent. 
in the ring finger, 38 per cent. in the middle finger, 12.7 per cent. in the little finger, and 
10 per cent. in the index finger.'?: '* These involvements of the lesser fingers occurred more 
frequently in females than in males (53.8 per cent.).'?:'* The right side was predominantly 
involved in 64.5 per cent., and in 12.3 per cent. the condition occurred bilaterally.'7 Two 
or more of the lesser fingers were involved in 15 per cent.'7 

Only one child with a snapping finger other than the thumb was seen. Ninety-three 
cases involving the thumb in children, including our cases, and two cases with other finger 
involvement, in addition to our case, were found in the literature — an incidence of 3.1 per 
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cent. of fingers other than the thumb in children. One of these cases involved the middle 
finger.'® Watson-Jones reported a case of a child, four years of age, who had involve- 
ment of all eight fingers. Another type of triggering, that which is associated with passive 
extension in cases where the lateral portion of the tendon snaps back from the side to 
the dorsal aspect of the proximal joint when there is avulsion of the middle slip of the 
extensor tendon, has been described.?® Sick reported the case of a young girl in whom a 
snapping of the right index finger developed as a result of trauma from a piece of glass. 
While two of our adult patients with thumb involvement subsequently had snapping 
of one or more of the lesser fingers, the association of thumb or finger involvement with 
de Quervain’s syndrome was not observed by us. However, Resche *, Troel *, and Aitken 
each observed two cases in which de Quervain’s syndrome was associated with stenosing 


tenovaginitis of either the thumb 


or the finger. 


ETIOLOGY 


Various theories have been ad- 
vanced regarding the etiological 
factors, but a satisfactory explana- 
tion has not been given for trigger- 
finger in children. The history is 
frequently of little help in deter- 
mining the age of onset." The in- 
fant holds the thumb in a clenched 


position and the deformity may not Fic. 1-A 
become obvious until gi ane C. H.. Case 1. Shows the flexion deformity of the left 


pears.*” While symptoms in some — thumb in a seven-year-old girl. 


Fic. 1-B 
Reveals the thickened digital fibrous sheath blocking the tendon nodule of the flexor pollicis longus 
and preventing extension of the thumb. The sear on the palm was caused by a burn five years previ- 
ously, at which time locking was first noticed. 
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Mallory aniline-blue staining of tissue from the tendon nodule. The light area above represents 
ollagenous degeneration, while the dark area below shows the normal tendon fibers. [This section 
was magnified (< 20) with a Micro Tessar, 72 mm., F. 4.5 lens (Bausch and Lomb). This is a short focal 
length lens, used instead of a low-power microscopic exposure so that more of the specimen can be 
viewed 


of the reported cases appeared to be present at birth *!7?*?5 or very early in life, in 
most instances they were observed much later. It is likely that the onset is much earlier 
than the age at which symptoms become apparent to the parents. The flexed position of 
the thumb frequently found in infants °* and thumb-sucking have been thought to be the 
initiating factors causing the defermity. Certain anatomical variations have been given 
consideration as an exciting cause.*° 

One author states that two of his patients had a hereditary history*® and another 
author ' found other congenital anomalies in association with one of his cases. However, 
there is only one specific instance that could be accepted as demonstrating familial inci- 
dence in the children reported. This occurred in twins (Figs. 5 and 6) previously reported 
by the authors.’ A nineteen-month-old boy with a locked thumb who had a brother with 
bilateral involvement was reported by van Neck according to Falk. We have been 
unable to verify this in the original article.” The occurrence at birth or shortly afterwards 
in some cases, the high incidence of bilateral occurrence in children, and the occurrence in 


twins points to a congenital background in children. 


The appearance of trigger-finger in women of advanced age, the infrequent bilateral 
involvement, and the definite relation to trauma makes the etiology more understandable 
in the adult. The syndrome is frequently encountered in female manual workers in unac- 
customed occupations or activities or in work which requires unusual or excessive activity 
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Fic. 1-D 
»yhotomicrograph of section of visceral synovial sheath over the nodule, showing villous 
1 marked vascularization. 


Low-power | 
proliferation wit 


of the fingers. In three of our patients who worked on the same assembly line, this syn- 
drome developed following excessive pressure exerted by the left thumb on a round cap in 
the process of inserting plastic tubes into the cap. One author found that the cause in three 
cases which he observed was an overheated arc-welding gun in two cases and over-exposure 
to an infra-red radiation lamp in the other case.* The frequency of the condition among 
untrained women welders has been pointed out.*! Another author experimentally pro- 
duced a snapping finger and a snapping thumb in his own hand by excessive flexion and 
extension against resistance.”® 

In most of our cases, there was no apparent relationship between the use of the thumb 
and the origin of the condition. The condition is more likely to develop in women in the 
older age groups because maximum degenerative changes are present. These factors, par- 
ticularly in manual work, when excessive use of the fingers is required, give a plausible 
explanation. The relative immunity in the male is difficult to explain. Only one report con- 
cerning the possible hereditary basis in the adult could be found. Snapping-finger occurred 
in uni-ovular twins when they were about fifty-three years of age. They had an almost 
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se section of the normal flexor pollicis longus tendon and its 


Low-power photomicrograph of transvet 
thickened synovial layer in Fig. 1-D 


«vnovial sheath to show comparison with the 


f onset. and symptoms, with involvement of the right ring finger in one 


identical date o 
twin and of the left ring finger in the other twin.® 


SIGNS AND SYMPTOMS 


ed in children, the condition ts frequently confused with 


When the thumb is involy 
because the thumb is usually locked in flexion. The 


congenital contracture or dislocation, 


flexed position is the natural attitude in infants, and the m« 
‘sulting in locking. The relative lack of voluntary 


st marked changes occur in the 


flexed tendon, proximal to the sheath, re 


control in the weak extensors, as compared with the flexors, may contribute to this de- 


When the thumb is locked in flexion, even passive motion is not sufficient to bring 


formits 
he free and within the normal from the point of locking. 


about extension. Flexion may 
While in children the thumb is frequently locked in flexion, snapping is the most 


common symptom in the adult, and, when locking occurs, it is most frequently in exten- 
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sion. Locking in this position has been erroneously diagnosed as hysterical paralysis. 


Burman described three cases of locking of the thumb in extension and thought it differed 
from the usual ball-like thickening of the tendon sheath in that it was an adhesive form of 
tenovaginitis more frequently caused by direct trauma and resulting in extension con- 
tracture and inability to flex the thumb. It appears that, when locking occurs in either 
children or adults, it is pre- 
dominantly in the position 
of a natural attitude. 
The nodule on the 
volar aspect of the thumb 
in the region of the meta- 
carpophalangeal joint is 
firm and blunt in the adult 
and, for the most part, is 
the thickened digital fi- 
brous sheath. This nodule 
may be painful on palpa- 
tion, especially in the fin- 
gers other than the thumb, 
Fig. 3-A: C. D., Case 2. 
Shows the tendon nodule 
locked against the distal por- 
tion of the thickened digital 
fibrous sheath in a five-year- 
old girl, thus preventing flexion 
and producing locking in ex- 
tension of the thumb. (Repro- 
duced by permission from The 


Journal of Pediatrics, 41: 447, 
1952.) 


Fig. 3-B 


Following excision of the tendon sheath, the tendon nodule was more clearly demonstrated. 
(Reproduced by permission from The Journal of Pediatrics, 41: 448, 1952.) 
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and on forced extension may produce blanching of the skin and cause discomfort or pain. 
When the snapping phenomenon is present, pain is frequently experienced in the region of 
the nodule or the interphalangeal joint. Observation during surgery showed that move- 
ment of the tendon prominence through the stenosed sheath only slightly increased 
the size of the palpable mass. Two of our adult patients had a double snapping in both 


flexion and extension and, at operation, irregularities were found at two places in the 

tendons at points consistent with the points at which snapping had occurred. 

Difficulty in extension 
or flexion of the finger may 
be the first symptom. It is 
more marked on awaken- 
ing and tends to improve 
during the day. Snapping 
or clicking may occur later 
or it may be the initial 
symptom. Adults usually 
complain of discomfort or 
pain and enlargement at 
the base of the thumb in 
the region of the nodular, 
thickened digital fibrous 
sheath. The complaint of 
pain and clicking may be 
referable to the interpha- 
langeal joint of the thumb 
and particularly noticeable 


Fig. 4-A: R. W., Case 3. 
Shows a ganglion exposed in 
the region of the metacarpo- 
phalangeal joint of a four-vear- 
old boy who had a snapping 
right thumb for two a one- 
half years. 


4-B 


Photomicrograph (X 23) of the ganglion in Case 3, which originated within the volar portion of the 
digital fibrous sheath of the flexor pollicis longus tendon. After the escape of the gelatinous material, 
the ganglion collapsed as shown. 
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when snapping occurs as the disproportionate 
tendon passes through the stenosed tendon 
sheath. The tendon sheath blocks entrance 
of the tendon enlargement momentarily, 
either in flexion or extension, following which 
the tendon passes abruptly through the tun- 
nel. If there is a more marked disproportion 
in size, locking occurs and passive motion is 
necessary to overcome the resistance. Some 
patients use the other hand to force the finger 
into extension or flexion. In more advanced 
cases, even passive aid may be insufficient to Fic. 5 


move the nodule past the constriction. J. N., Case 4. Shows bilateral flexion deformity 

In children, the palpable nodule at the "4 three-year-old male fraternal twin. 
base of the thumb was frequentiy the tendon 
nodule which moved as the distal phalanx was 
flexed or extended. In one case, however, it 
was found at operation (Case 1, Fig. 1-B) 
that, even though the tendon nodule was 
prominent, it was only a small part of the 
palpable mass at the base of the thumb which 
was made up for the most part of the grossly 
enlarged and thickened sheath. 

In our adult patients, the nodule was not 
of sufficient size to be separately palpable 
from the digital fibrous sheath. Fic. 6 


J. N., Case 5. Illustrates flexion deformity of 


PATHOLOGY the right thumb in a three-year-old female fra- 
ternal twin. 
Considerable speculation has occurred 


regarding the primary site of the lesion and as to whether or not both the sheath and 
the tendon are involved concomitantly. 

In adults, who are frequently seen and operated upon shortly after the onset of symp- 
toms, the minimal changes in the tendon, as compared with those in the sheath, would indi- 
cate that the sheath is the principal factor producing the symptoms. The palpable firm 
nodule, which is located on the volar surface of the metacarpophalangeal joint of the 
thumb and in the distal portion of the palm when the fingers are involved, was found to 
be the markedly thickened digital fibrous sheath, which was sometimes two to three times 
the normal thickness. The sheath had lost its luster and had either a grayish oedematous 
appearance or that of a highly dense fibrous type of connective tissue. When a nodular or 
bulbous enlargement of the tendon was present, a definite constriction of the tendon was 
usually found proximal to or distal to the point of its junction with normal tendon. 
Changes less obvious than a nodular or bulbar formation were observed, such as alteration 
in the tendon by an accumulation of fibrous-like deposits, warty granulations, or general- 
ized enlargement of the tendon. 

The tendon involvement, such as collagenous degeneration and synovial proliferative 
changes, was more prominent as a rule in children. In some instances, the pathological 
changes in the digital fibrous sheath were minimal as compared with those in the adult, 
and the palpable nodule and either the snapping or the locking mechanism appeared to be 
due chiefly to the changes occurring in the tendon. 

Microscopic examination of the tendon sheath showed varying degrees of degenera- 
tive changes and fibrous-tissue proliferation. The degenerative changes consisted in split- 
ting or fraying of the fibers, colliquative degeneration, with formation of pseudocysts 
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which contained a precipitate of protein-like material, and finally true cyst formation 
or ganglion, as occurred in one of our patients (Figs. 4-A and 4-B). Synovial or villous 
proliferative changes are commonly encountered (Fig. &). Non-specific inflammatory 
changes, such as lymphocytic and plasma-cell infiltration, were not uncommon. Young 
vascular connective tissue and more mature fibrous tissue which at times was hyalinized 
were seen (Fig. 9). Chondroblasts and cartilage formation have been mentioned by a 
number of 

Proliferation of the visceral synovial sheath of the tendon, in one instance, pro- 
duced villus-like projections which were highly vascularized (Fig. 1-D). The tendon 
itself, in this case, showed a purer type of collagenous degeneration (Fig. 1-C). Some 
cases occasionally showed a few lymphocytes and histiocytes, evidence of a minimal in- 
flammatory reaction 

Only one case of snapping-finger with a ganglion of the digital fibrous sheath was 
encountered (Fig. 4-A). It was interesting to speculate on the relationship of the pseudocyst 
formation shown in Figure 7-B to true ganglion formation which occurred in this case. 
CGianglia may arise from the tendon sheaths and joint capsules without communicating 
with the cavities.6 The connective tissue undergoes proliferation resulting in a mucoid 


degeneration with the formation of numerous small cysts which finally collect to form a 
ganglion having little or no synovial lining. Others feel that ganglia occasionally have 
eysts lined with well defined synovial membrane which are filled with clear mucous fluid; 


these ganglia presumably represent a herniation of the synovial membrane from a joint 


space or a sheath space.* 


Fic. 7-A 
C. K., Case 7. The appearance of the right thumb in a fiftv-two-vear-old woman, which had been 
locked in extension for two months 
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Low-power view (X 75) of the digital fibrous sheath, revealing areas of colliquative degeneration. 


TREATMENT 
The conservative measures employed in children, such as immobilization and passive 
stretching, have been almost uniformly unsuccessful. One author reported successful 
results with two cases following stretching with a splint.*! However, Jahss warns against 
prolonged passive stretching because of the possibility of producing hyperextension of 
the metacarpophalangeal joint. Lapidus reported one case in a child who, he believed, 
recovered spontaneously. He was not able to verify this by personal observation but, 
according to the child’s mother, the child was symptom-free seven years later. 

The average time that the deformity persisted following its first recognition and 
before operation in the thumbs in the cases of children reported here was 2.3 years. One 
child had had this deformity for five years before operation, 

Compere reported a twenty-yvear-old female with bilateral snapping-thumb which 
had been present since the age of three or four 

The twelve thumbs in ten of the children reported here, and practically all those 
reported in the literature, responded satisfactorily to surgical treatment. In a study 
by Lapidus of fifteen adult cases of snapping-thumb not operated upon, six were reported 
to have recovered spontaneously, and of twenty-three snapping fingers not subjected to 
surgery, only five were said to have recovered. One of our patients had two snapping 
fingers on the same hand. One finger was operated upon with complete recovery, while 
the untreated finger has persisted to snap for ten years and, at present, is becoming more 
difficult to move actively. Occasionally passive motion is necessary. 

Some authors thought that adults with early symptoms should have a trial period of 
conservative treatment, such as roentgen therapy and splinting, but admit that surgery is 
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F. B., a comptometer operator, forty-nine years old, had had a snapping right thumb for four weeks. 
Photomicrograph (X 21) of the svnovial lining and adjacent tissue of the digital fibrous sheath showed 
micropapillary synovial proliferation and increased vascularization of the adjacent tissue. 


usually necessary, particularly in cases of long standing.'*?' Compound F, hydrocortone, 
has been reported to be effective in cases of trigger-finger, but the drug can in no sense be 
considered a cure.” Prolonged conservative treatment is unreliable and expensive. 

Most authors who performed sheath incision did not specify where the incision should 
Pe I6 Lapidus did not believe it was important whether the incision of 


be made 
the sheath was made centrally or on one side as had been advocated.‘ * Graham has re- 


ported successful treatment of snapping fingers other than the thumb by a puncture 
incision and section of the tendon sheath. In his opinion, this simplifies the operative 


procedure. 
Local excision of the sheath removes much ef the involved tissue, permits patho- 
logical study, and has impressed us as being a more reliable method than sheath incision. 


We did not observe bow-stringing following local excision of the sheath. Local anaes- 
thesia is used in the adults and the more cooperative children. A transverse incision is 
made parallel to the proximal flexor crease of the thumb over the metacarpophalangeal 
joint, care being taken to avoid injury to the volar digital nerves which are more volarly 
placed than one would suspect. The thickened digital fibrous sheath is excised and the 
tendon enlargement is not disturbed, except for the removal of tissue for microscopic 
study. The skin is closed with a fine interrupted suture. Splinting is unnecessary and 
active motion is encouraged. When fingers other than the thumb are involved, the incision 
parallels the distal crease of the palm of the hand, or is made parallel to the longitudinal 


creases distal to the distal palmar crease." 


ILLUSTRATIVE CASES 


Case I: C. H., a seven-year-old girl, had had a “contracture” of the distal phalanx of the left thumb 
for five years. At the age of two, the patient had burned the palm of the left hand, and it had been noticed 
at the changing of dressings that the thumb could not be extended. There was no history of snapping, 


rHE JOURNAL OF BONE AND JOINT SURGERY 


© 
1212 
V 
r tl 


TRIGGER-FINGER 


Fic. 9 
Case 9. Ib. W., a sixty-year-old woman, had a double snap of the right thumb at 30 and 40 degrees 
from complete extension. Photomicrograph of the sheath (X 21) revealed an unusual localized prolifera- 
tion of the young fibrous connective tissue from the synovial and underlying tissue. 


trauma, or excessive thumb-sucking. A family history of this deformity was not elicited. 

There was a scar on the palm of the hand, well away from the head of the first metacarpal. The distal 
phalanx of the thumb was locked in flexion at 150 degrees. Flexion was normal, but extension could not be 
accomplished even by passive motion (Fig. 1-A). A palpable, non-tender nodule at the base of the thumb did 
not move with motion of the thumb. 

At operation, a thickened and constricted digital fibrous sheath was found (Fig. 1-B), as well as a nodule 
on the tendon, blocking the excursion of the tendon through the constricted sheath. The sheath was excised 
and tissue from the nodule was removed for biopsy. 

Pathological examination of the digital fibrous sheath revealed dense fibrous connective tissue without 
inflammatory reaction. Mallory aniline-blue staining of the tendon nodule for collagen revealed collagenous 
degeneration (Fig. 1-C), and the synovial layer of the sheath showed villous proliferation with increased 
vascularization (Fig. 1-D). 

Seven months postoperatively, the motion of the thumb was normal and the nodular enlargement was 


absent. 


Case 2: C. D., a five-year-old girl, had an extension deformity of the right thumb. The condition was 
noticed shortly following birth. At the age of two months, hot soaks and exercises had been instituted at 
a pediatric clinic because of a deformity of the left thumb. Snapping was one of the early symptoms observed 
by the parents. There was no family history of such a deformity and nothing to indicate that trauma might 


have been an etiological factor. 
On examination, the thumb was fixed in extension with flexion limited to 150 degrees in both active and 


passive motion. A distinct mass was palpated on the volar surface at the metacarpophalangeal joint and 
another mass was palpable one centimeter distally. The distal nodule moved with the distal phalanx. The 
proximal nodular enlargement was the thickened digital fibrous sheath. 

Through an incision at the proximal flexor crease, the constricted and thickened digital fibrous sheath 
which had produced the nodular mass at the base of the thumb was exposed. There was a prominent tendon 
nodule which blocked flexion by impinging against the distal edge of the sheath (Fig. 3-A). The thickened 


sheath was excised, freeing the tendon nodule (Fig. 3-B). 
Nine months postoperatively, examination revealed normal motion and the absence of the nodule at 


the base of the thumb. 
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TABLE I 


Cases OF CHILDREN AND ADULTS 


AUTHORS’ 


WITH STENOSING TENOVAGINITIS INVOLVING FLEXOR PoLiicis Loncus 


Children Adults 


No. of patients 12 (27.9 per cent 31 (72.1 per cent 


No. of thumbs 
Left 9 (60 per cent 
6 (40 per cent 


16 (47.1 per cent. 
18 (52.9 per cent 


tight 


3 patients (9.7 per cent.) 


Bilateral involvement 4 patients (25 per cent 


28 (45.2 per cent., as compared with 


No. of lesser fingers in- | (6.3 per cent., as compared with 


volved in patients seen thumbs thumbs 


during same period 


to S vrs. (average, 4 yrs 29 yrs. to 73 yrs. (average, 52 yrs. 


Age when seen 17 mos 


Duration of symptoms be | day to 5 vrs. (average, 2.3 vrs 2 wks. to 2 yrs. (average, 2.6 mos 


lore treatment 


rs. before age when seen 


Ave of onset when symp Birth to 4.5 yrs. (average, 2.4 vrs 2 wks. to2y 


toms first noticed 


58.3 per cent All females (100 per cent. 


Femak 7 


Male 5 (41.7 per cent 


28 (82.4 per cent.) snapping in both 


flexion and extension (in 2 of these, 


11 (73.3 per cent.) locked in 


Presenting deformity 


flexion.* 


there was a double snap). 
5 (14.7 per cent.) thumb in exten- 
flexion and extension sion with loss of active flexion 
beyond 10 to 15 degrees. 


2 (13.3 per cent.) snapping in both 


| (6.7 per cent.) flexed but could In 3 cases, force produced more 
full flexion), and 


be extended passively and flexed flexion (in 1, 


actively the thumb sprang back into ex- 
tension when the pressure was re- 
leased and was not accompanied 

by a snap. 
| (6.7 per cent.) locked in exten- In | case, passive force produced 
sion.** snapping in both flexion and ex- 


tension. 
In | case, passive force produced 


flexion with snapping and then 
the thumb could be actively ex- 


tended with snapping. 
1 (2.0 per cent.) thumb in flexion 


required passive help to extend 


but could be actively flexed. 


No. of patients with thumb None 2 (in 1 case, in opposite index 


finger; in | case, multiple involve- 


involvement in whom 
ment of fingers on both sides 


snapping subsequently 


deve loped in the lesser 


fingers 


* Locked in flexion. Extension not possible even with passive aid. Flexion may be normal from point of 


lo king 
** Locked in extension. Flexion blocked even to passive aid. Extension from point of block may be normal. 
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I (continued ) 


Children Adults 


Trauma Questionable In some cases, a definite relationship 
exists. Three of the cases occurred 
in patients who worked on the 
same assembly line inserting caps 
into plastic tubes which involved 
using the left thumb. 


Family history Two of the patients were twins. None. 


No. of thumbs operated 12 thumbs in 10 patients 20 thumbs in 26 patients 


upon 


Separately palpable tendon nodul » Blunt nodule at base of thumb is, for 
frequently present at base of the most part, thickened digital 


Pathology 


thumb. fibrous sheath. Tendon changes 
less prominent than those in chil- 


dren 
Proliferative changes in visceral Thickened stenosed sheath with col- 
svnovial layer of tendon sheath lagenous and colliquative degen ‘ 
and degenerative changes in ten- erative changes. Synovial and 
don are prominent, producing villous proliferation prominent. 
nodular formation. 
Gross and microscopic changes in Young fibrous tissue and more ma- 
sheath are, in some instances, ture fibrous tissue with hvaliniza- 
minimal, in others, similar to tion. Mild non-specific inflamma- 


sheath changes in adults, tory changes. 


Treatment Only operative treatment satis- Conservative treatment may be tried 
factory: for a few weeks (observation, 
Local sheath incision; physical therapy, splinting, x-ray). 
Karly active motion. Operative treatment for cases seen 


late or those not responding to 
conservative treatment. (Same 
operation as for children.) 


Results Results have been good in all cases All but 2 of the 26 patients who had 
when surgery was performed, 20 thumb operations had good re- 
Normal function and no com- sults without complications, (In 1, 
plaints. superficial wound infection de- 


veloped which responded to treat- 
ment; another had some limitation 
of flexion and numbness of the 
volar surface of the thumb.) 


Case 3: R. W., a four-vear-old boy, had first demonstrated difficulty at one and one-half years of age 
when the mother had noticed that the child could not straighten his right thumb. A tumor had also been 
noticed at the base of the thumb at this time. The patient had been taken to a physician who had splinted 
the thumb in extension for three weeks. Soon after the discontinuance of splinting, the thumb began to 
snap, With pain occurring over the nodule. No history of thumb-sucking or trauma was elicited, and there was 
no family history of this deformity. 

I:xamination revealed a large obvious nodule on the volar aspect of the right thumb at the metacarpo- 
phalangeal joint, which caused blanching of the skin. This mass, approximately one centimeter in diameter, 
was not tender and did not move with motion of the thumb. Snapping was present on extension and flexion, 
beth active and passive, occurring at 150 degrees. 

Surgery was carried out under local anaesthesia through a flexor-crease incision. A ganglion (Pig. 4-A) 
was encountered, which originated within the volar portion of the thickened digital fibrous sheath and which 
did not communicate with the synovial space. A bulbous nodule on the flexor tendon was found proximal to 
a thickened and constricted sheath which blocked extension. The sheath was excised. The tendon moved 
freely following excision of the sheath and ganglion. Only the skin was closed with fine nylon suture 
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Pathological examination of the sheath revealed that the ganglion occupied the volar two thirds of the 
sheath. The inner portion of the sheath was dense fibrous connective tissue (Fig. 4-B) without inflammatory 


changes 
Examination three months after operation revealed that the motion of the right thumb was normal. 


Case 4: J. N., a three-year-old male, a fraternal twin, had had a flexion deformity of the distal phalanx 
5) for approximately one year. Snapping had never been present in the right thumb, 


of both thumbs (Fig 
but it was thought to have been present on a few occasions in the left. There was no history of trauma or 


thumb-sucking. The fraternal twin had unilateral snapping-thumb (Case 5, Fig. 6). 
Examination revealed flexion deformity of the distal phalanx of both thumbs with extension limited 
\ mass was palpated on the volar aspect of the thumb in the region 


actively and passively at 140 degrees 


of the metacarpophalangeal joint 
Surgery was performed bilaterally through the flexor-crease incision. There was a bulbous tendon en- 


largement on the flexor pollicis longus tendon, proximal to a thickened and constricted digital sheath. The 


sheaths were excised and the skin was closed with fine nylon suture. 
Pathological examination of the sheaths showed dense fibrocollagenous tissue without inflammatory 


reaction 
Function was normal twenty-three months postoperatively. 


Cc 5: J. N., a three-year-old girl, a fraternal twin, had had a flexion deformity of the right thumb for 


ASE o 
about one year with no snapping noted (Fig. 6). A nodule was noticed on the base of the thumb which 


blanched on attempted forced extension. There was no history of trauma or thumb-sucking. Her fraternal 


twin had bilateral flexion deformity of the thumb (Case 4, Fig. 5). 

Examination revealed a flexion deformity of the distal phalanx of the right thumb at 140 degrees. Ex- 
tension was blocked actively and passively at 140 degrees; flexion was normal. A rgass was noticed on the 
volar aspect of the metacarpophalangeal joint, with moderate pain and blanching oi the skin over the mass 


occurring on attempted extension 
Surgery through a flexor-crease incision revealed a nodule on the flexor tendon which was blocked by a 


thickened and constricted sheath. Excision of the tendon sheath released the tendon and permitted free ex- 


tension. The skin was closed with fine nylon suture. 
Pathological examination of the sheath showed dense fibrocollagenous tissue without inflammatory 


reaction, 
Function was normal twenty-three months postoperatively. 


Case 6: D. HL, a twenty-month-old boy, was brought in for examination after his mother had noticed 
that she could not straighten the child's right thumb. There was tio snapping present, and the thumb was 
fixed in flexion. There was no family history of this deformity and no history of trauma or thumb-sucking. 

Physical examination revealed a flexion deformity of the distal phalanx of the right thumb with exten- 
sion limited to 135 degrees, both in active and passive motion. Flexion was complete, actively and passively. 
\ thickening, which did not move with motion of the phalanx, was felt through the skin on the volar aspect 


of the base of the thumb 
Surgery was carried out through the flexor-crease incision. Under general anaesthesia, the thumb could 
A thickened and constricted digital fibrous sheath was found. 


be extended with an accompanying “‘snap”’ 
Changes in the tendon were minimal with a localized area of loss of luster and whitish thickening proximal 


to the constricted sheath. The sheath was excised in a longitudinal segment and the tendon was free in its 


excursions 
Pathological examination of the sheath revealed dense fibrocollagenous tissue without evidence of in- 


flammatory reaction. Only the skin was closed with fine nylon suture 
examination six months postoperatively revealed normal function; the nodule was not felt, and the 


scar Was minimal. 


Case 7: C. K., a housewife, fifty-two years old, had noticed snapping of the right thumb three months 
prior to admission. Shortly following the onset of symptoms, passive motion was required in order to flex the 


thumb. For two months prior to admission, the thumb had been locked in extension. 
On examination, the thumb was found to be locked in extension (Fig. 7-A), and flexion was limited to 
\ non-tender mass, which did not move with thumb motion, was palpated 


only 15 degrees of passive motion 


over the metacarpophalangeal joint 
Surgery was carried out through the flexor-crease incision and a thickened and constricted digital 


fibrous sheath was found. Distal to the constricted sheath was a white plaque thickening of the flexor tendon. 


The sheath was excised, and the tendon moved freely in its bed. 
Pathological examination of the sheath revealed fibrocollagenous tissue with areas of degeneration and 
oedematous separation of fibers. There were areas of pseudocyst formation resulting from colliquative de- 


generation (Fig. 7-B) and minimal non-specific inflammatory reaction 
Examination three months postoperatively revealed normal motion of the right thumb. 
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Case 8: M. D., a housewife, sixty-four years old, had first noticed difficulty in straightening her left 
ring finger three months prior to admission. She had had considerable pain along the finger when the snapping 
phase occurred. Certain types of housework, such as sewing, aggravated her symptoms. 

Examination revealed that snapping of the left ring finger occurred at 120 degrees of flexion and extension 
by active and passive motion. A mass, which did not move with finger motion, was felt over the metacarpo- 
phalangeal joint. 

Surgery was carried out through the distal palmar crease, and a thickened, grayish, oedematous, con- 
stricted sheath was found with small irregular granulations on the volar surface of the flexor tendon. The 
flexor tendons of the finger moved freely following local excision of the sheath. 

Pathological examination of the sheath revealed fibrocollagenous tissue with minimal scattered non- 
specific inflammatory reaction. There were also multiple pseudocysts of colliquative degeneration which 
contained mucous material. 

Examination of the left ring finger two months postoperatively revealed normal motion, and the mass 


was no longer felt at the metacarpophalangeal joint. 


Case 9: E. W., a sixty-year-old woman, had had symptoms for three months, beginning with soreness and 
a lump at the base of the right thumb. Two months later, snapping in both flexion and extension began, She 
also complained of pain at the interphalangeal joint, especially on snapping. 

Examination revealed a nodular mass at the base of the thumb which was painful on motion of the 
finger. There were two distinct snaps at 30 and 40 degrees from complete extension. She stated that she 
worked in the packing department of a candy factory and that she had not noticed any unusual activity 
that would cause the present deformity. 

The patient was operated upon through a transverse incision at the base of the thumb, and a thickened 
digital fibrous sheath was removed. There were two separate areas of tendon enlargement, covered with 
granulations, which accounted for the double snap. The thickened digital fibrous sheath was excised. 

Microscopic examination revealed an unusual localized proliferation of the young fibrous connective 
tissue from the synovial and underlying tissue of the digital fibrous sheath (Fig. 9). 


SUMMARY 


A comparison of the incidence, etiology, symptoms, pathological variations, and 


treatment in adults and children with trigger-finger discloses some interesting facts. 

The occurrence in twin children, previously reported by us’, is one of the few in- 
stances of familial involvement. 

The occurrence in twins, the appearance of the syndrome at birth or in early child- 
hood, and the frequent bilateral involvement all lend support to the theory that children 
may have a congenital predisposition to trigger-finger. 

The most frequent presenting deformity in children was locking in flexion, while 
in the adult, snapping was the most common complaint. Loss of active flexion, except 
for a few degrees, with the thumb held in extension, was the next most common presenting 
deformity in the adult. There was double snapping in both flexion and extension in 
two of our adults with involvement of the thumb. In the adult, digital-fibrous-sheatli 
involvement is prominent and tendon changes are minimal, as compared with the condi- 
tion in children. The palpable mass at the base of the thumb in children is frequently due 
to tendon proliferation and degeneration, which results in nodular formation. 

Conservative management may be tried in adults who are seen shortly after the 
onset of symptoms. For adult patients who do not respond to conservative treatment and 
for those seen late, operative treatment is recommended. In children, only the operative 
treatment has been found to be satisfactory. Local excision of the tendon sheath, suture 
of only the skin, and encouragement of early motion have given satisfactory results. 


REFERENCES 
. Arrxen, A. P.: Stenosing Tendovaginitis at the Radial Styloid Process (De Quervain’s Disease). New 
England J. Med., 232: 105-107, 1945. 
. Anperson, W. A. D.: Pathology, p. 1344. St. Louis, The C. V. Mosby Co., 1949 
BouunNGcer, J. A., and Faney, J. J.: Snapping Thumb in Infants and Children, J. Pediat., 41: 445-450, 


1952. 
. BUNNELL, Steruna: Surgery of the Hand, pp. 498-499. Philadelphia, J. B. Lippincott Company, 1944. 


VOL, 36-A, NO. 6, DECEMBER 1954 


J 
lg 
= 
Ey 
9 
3 


BOLLINGER 


AND J. A. 


FAHEY 


J. J. 


5. Burman. M.: Stenosing Tendovaginitis of Flexor Pollicis Longus, Disability Other Than Trigger Thumb. 


Bull. Hosp. Joint Dis., 6: 155-159, 1945. 
6. Camerer, J. W., und Scuieimcner, R.: Zur Atiologie des “schnellenden Fingers’. Mitteilung von 
gleichzeitigem Vorkommen bei eineiigen Zwillingen. Med. Klin., 31: 245-246, 1935. 
L..: Bilateral Snapping Thumbs. Ann. Surg., 97: 773-777, 1933 
Trigger Finger Produced by Excessive Heat. Surgery, 26: 659-664, 1949. 
(‘ber den schnellenden Daumen bei Kindern. Beitr. z. Klin. Chir., 153: 559-569, 1931. 


7. Comperse, 
8 D 
9. Fak, Epuarp 


10. Grauam, W. C.: Personal communication 
De “Veerende Vinger” bij jonge kinderen. Nederlandsch Tijdschr. v. Geneesk., 


11. Harrensrern, R. J 
81: 1237-1241, 1937 

12. Hauck, Gusrav: Uber eine Tendovaginitis stenosans der Beugesehnenscheide mit dem Phiinomen des 

echnellenden Fingers. Arch. f. Klin. Chir., 123: 233-258, 1925. 

Howarp, L. D., Jr, Prarr, D. R., and Bunne Srertinc: The Use of Compound F (Hydrocortone 

in Operative and Non-Operative Conditions of the Hand. J. Bone and Joint Surg., 35-A: 994-1002, 


~ 


Oct. 19535 
14. Hupson, H. W 
854-857, 1954 
15. Jauss, 8S. A.: Trigger Finger in Children. J. Am. Med. Assn., 107: 1463-1464, 1936. 
Schnellender Finger und stenosierende Tendovaginitis der Fingerbeugesehne. Arch. f 


: Snapping Thumb in Childhood, Report of Eight Cases. New England J. Med., 210: 


16. Kron, Frivz 
Klin. Chir., 136: 240-276, 1925 

P. W.: Stenosing Tenovaginitis. Surg. Clin. North America, 33: 1317-1347, 1953. 

Ueber den schnellenden Finger. Wiener. Med. BL, 7: 1505, 1884. 

Chronic Nonspecific Tenosynovitis and Peritendinitis. Surg. Clin. North America, 


17. LApipus 
18. LeIsRINK 
19. Lipscome, P. R 


24: 780-707, 1944 
Lirscoms, P. R.: Nonsuppurative Tenosynovitis and Paratendinitis. 7n Instructional Course Lectures, 
1950. The American Academy of Orthopaedic Surgeons, Vol. VII, pp. 254-261. Ann Arbor, J. W. 


Kdwards, 1050 
21. Meaporr, Natuan, and Gray, A. B.: Stenosing Tendovaginitis 
106-114, 1944 
VAN Neck, M 
Chir., 29: 924-927, 1926 
23. Reep, J. V., and Harcourr, A. K.: Tenosynovitis 
1045 
Recece, Heinz: Die angeborene beidseitige Beugekontraktur des isssmengliedes bein: Kinde (schnel- 
lender Finger). Miinchener Med. Wochenschr., 83: 391-392, 1936. 
25. Rose, T. F.: Bilateral Trigger Thumb in Infants. Med. J. Australia, 1: 18-20, 1946. 
Zur Kasuistik der Sehnenverletzungen. Zentralbl. f. Chir., 20: 264-265, 1893. 
Snapping Finger. Roentgen Treatment and Experimental Production. Acta Radiol., 


Permanente Found. Med. Bull, 2: 


Nodules congenitaux des tendons. Etiologie des pouces # ressort. Arch. Franco-Belges de 


An Industrial Disa sai. Am. J. Surg., 62: 392-396, 


26. Sick, C 


27. Sreruine, W. P.: 
37: 74-80, 1952 

28. Serecuer, b. b.: Trigger Thumb in Infants. J. Bone and Joint Surg., 31-A: 672-674, July 1949. 

Warson-Jones, Recinaup: Fractures and Joint Injuries. hd. 3, Vol. IL, p. 596. Baltimore, Williams and 


Wilkins Company, 1943 
30. Wurre, J. W., and Jensen, W. E.: Trigger Thumb in Infants. Am. J. Dis. Children, 85: 141-145, 1953 


SL. Zinovierr, ANprew: “Trigger Thumb” Simulating Paralysis. A Report of Two Cases. British Med. 


J., 1: 199-200, 1952 


DISCUSSION 


TRANSMETATARSAL AMPUTATION 


(Continued from page 1199) 


incidence of repeated involvement in patients who have gangrene limited to toes, There is a specific reasor 
for that: If a patient has extensive peripheral vascular disease and if any one of his toes is ischaemic enough 
so that a mild factor such as a blister leads to gangrene, then I have good reason to believe that the rest of 
his toes are in a similar state, that a toe is a part of the anatomy in which it is practically impossible to 


develop any collateral circulation, and that the circulation in all toes is poor. 

On the subject of sympathectomy, I likewise have little to say. Our knowledge of the indications for 
sympathectomy is still based entirely on clinical impression. I realize that this is a very efficient measure 
for the care of such conditions as intermittent claudication, but I still doubt that it is useful for gangrenous 


toes 


THE JOURNAL OF BONE AND JOINT SURGERY 


h 
ik 
ve 


CAPSULECTOMY OF THE INTERPHALANGEAL JOINTS OF THE FINGERS * 


BY RAYMOND M. CURTIS, M.D., BALTIMORE, MARYLAND 


The surgeon who is called upon to treat the crippled hand is frequently confronted 
with a hand which fails to function properly because of a limitation of flexion or extension 
in the interphalangeal joints. 

Dr. Sterling Bunnell has pointed out that it is the narrow joint space present in the 
interphalangeal joints which produces limited motion when there is even the slightest 
shortening of the capsular ligaments, as might be produced by non-use or oedema of the 
ligaments and subsequent fibrosis. This shortening with limitation in motion may occur 
despite the most rigid attention to proper splinting and physical and occupational therapy. 
However, it more often follows the improper use of these methods of treatment. 


MECHANICAL FACTORS LIMITING FLEXION AND 
EXTENSION OF INTERPHALANGEAL JOINTS 


The surgeon who is to set about to correct a limitation of flexion or extension of the 
interphalangeal joints must have in mind the various anatomical structures within a 
finger which may limit this motion. These structures are listed in outline form below: 
1. Limited flexion or extension contracture: 
a. Sear contracture of the skin over the dorsum of the finger; 
b. Contracted long extensor muscle or adherent extensor tendon; 
c. Contracted interosseus muscle or adherent interosseus tendon; 
d. Contracted capsular ligament, particularly the collateral ligaments; 
e. Bony block or exostosis. 
2. Limited extension. 
a. Sear of skin on the volar surface of the finger; 
b. Contraction of the superficial fascia in the finger, as in Dupuytren’s contracture ; 
¢. Contraction of the flexor-tendon sheath within the finger; 
d. Contracted flexor muscle or adherent flexor tendon; 
e. Contraction of the volar plate of the capsular ligament; 
f. Adherence of the collateral ligaments with the finger in the flexed position; 
Bony block or exostosis. 


PREOPERATIVE CLINICAL EVALUATION 


Before one sets out to correct by surgery the lack of flexion or extension of the inter- 
phalangeal joints, it is important to first determine by clinical examination and roent- 
genogram just which anatomical structures are limiting flexion or extension and to be 
certain that a true ankylosis by bony fusion is not present. Bunnell, Doherty, and Curtis 
have described various test positions into which one can place the hand and fingers in 
order to determine which structures are to blame. Figures 1, 2, and 3 illustrate and 


describe these test positions. 


Test for Contracted or Adherent Long Extensor Tendons 


In Figure 1, A, we see that, with the wrist in dorsiflexion and the metacarpophalan- 
geal joints in extension, the fingers flex at the interphalangeal joints with ease. How- 
ever, if the long extensor tendons to the fingers are adherent over the dorsum of the 
hand or if the extensor muscles have become shortened by fibrosis, we find, as in Figure 1, 
B, that, with the wrist and metacarpophalangeal joints volarly flexed, the interphalangeal 
joints are held in rigid extension. 

* Read at the Annual Meeting of the American Society for Surgery of the Hand, Chicago, linois, 


January 22, 1954 


VOL. 36-A, NO. 6, DECEMBER 1954 1219 


af” 
as 
> 
ir 


M. CURTIS 


Wrist volarflex 


Fia, 


Test position to determine role of the long extensor muscle and 
tendons of the fingers in the limitation of flexion of interphalan- 


geal joints. 


Test for Contracture of the Interosseus Muscles 


With oedema and subsequent fibrosis, the interosseus 
muscles shorten and produce limitation in flexion of 
the proximal and distal interphalangeal joints, as de- 
seribed by Bunnell, Doherty, and Curtis. This disabling 
associated with a contracture of the collateral ligaments of the 


syndrome is frequently 


interphalangeal joints. 
The fingers usually 

interosseus muscles. The first has been said by Bunnell to resemble the hand “entering 

that is, the fingers are held in rigid extension at the metacarpo- 


assume one of two positions when there is a contracture of the 


the sleeve of a coat”’, 


Fic. 2 

Test positions to determine role of contracted interosseus muscles in the limitation of flexion of 
interphalangeal joints I 
\ 
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phalangeal as well as at the 

interphalangeal joints. The 

second group of cases show 

limitation of flexion at the in- 

terphalangeal joints but the 

fingers are held in rigid flexion 

at the metacarpophalangeal 

joints. In this latter group, the 

hand can be said to resemble a 

‘blade of a hoe ’. The former 

is due to the fact that the 

contracture occurred while 

the hand was held or splinted 

in a position of extension at 

the metacarpophalangeal 

joints, while the latter, the 

position of flexion at the 

metacarpophalangeal joints, 

is assumed when the contrac- 

ture has occurred while the 

metacarpophalangeal joints 

were immobilized or held in a 

position of acute flexion. This 

latter position allows the in- 

hia. 3 
Test positions to determine if the limitation of flexion at inter- 

mee ay joints is due to contracted collateral ligaments. When the 


imitation is due solely to the collateral ligaments, the limitation re- 
mains the same regardless of position of finger. 


terosseus tendons to fall vo- 
larly and become adherent in 
front of the metacarpopha- 
langeal joint. This same flex- 
ion deformity at the meta- 
carpophalangeal joints is assumed if the volar interossei and the lumbricals are the 
major group to be contracted. 

The test for this contracture, demonstrated in Figure 2, has been described by Bun- 
nell, Doherty, and Curtis. Clinically, we find on examination that there is flexion of the 
interphalangeal joints when the fingers are flexed at the metacarpophalangeal joints, but, 
as the fingers are forced into extension at the metacarpophalangeal joint and the contrac - 


tion is accentuated, the interphalangeal joints cannot be forced into flexion. 


Test for Contracture of Collateral Ligaments 


This test is shown in Figure 3, which demonstrates that, when the limitation in flexion 


at the interphalangeal joint is due solely to the contracted collateral ligaments, there is 
no change in this limitation, regardless of whether the examiner flexes or extends the 


metacarpophalangeal joints. 


Testing for Mechanics of Limitation in Extension 

It is possible to use the same type of testing for the finger which lacks complete 
extension at the interphalangeal joints; however, one finds some difficulty in making such 
a clear differentiation as to the limiting factor. For example, clinically one has difficulty 
in distinguishing preoperatively a flexor tendon which is adherent over the proximal 
phalanx, a contracture of the flexor tendon sheath, a contracture of the volar plate of 
the capsular ligament, and collateral ligaments which have become adherent to the 
side of the phalanx and to the volar aspect of the capsule while the joint was heldin a 


position of flexion. 
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Fic. 4-A 

Capsulectomy of proximal interphalangeal joint. Diagram shows operative approach for 
capsulectomy of proximal interphalangeal joint. Skin incision is developed down to deep 
fascial cuff, which is lifted with point of scissors to show approach to collateral ligament. 

Inset shows cross section of finger at level of base of middle phalanx with deep fascial cuff 
extending from extensor to flexor 

/: Superficial fascia ,: Collateral ligament of joint capsule. 

2: Extensor tendon 5: Volar plate of capsule. 

3: Deep fascial cuff 6: Flexor tendon. 


Fic. 4-B 
(See page 1223 


THE JOURNAL OF BONE AND JOINT SURGERY 


1222 
a 
ual 
\ 
eep fascia! cuff 
Z _Collateral lig. 
be x a) SS 


CAPSULECTOMY OF THE INTERPHALANGEAL JOINTS 1223 


Fig. 4-B: Capsulectomy of proximal interphalangeal joint. The deep fascial cuff has been retracted, 
and a block of collateral ligament has been excised. 


5-A 


Fig, 5-B 

Fig. 5-A: Case 1. Shows limitation of flexion 
due to tight collateral ligaments, contracture 
of interossei, and adherent flexor tendons, fol- 
lowing fractures of proximal phalanges of index, 
middle, ring, and little fingers. 

Fig. 5-B: Shows type of splint used post- 
operatively to the interphalangeal 
joints into flexion and also to hyperextend the 
metacarpophalangeal joints to prevent recur- 
rence of the interosseus contracture. 

Fig. 5-C: Shows degree of improvement fol- 
lowing capsulectomy of collateral ligaments, 
tenotomy of the interossei, and tendolysis of the 
finger flexors. 


Fic. 6-A Fic. 6-B 

Figs. 6-A and 6-B: Case 10. This patient sustained a crushing injury to the ring finger, with fracture 
of the articular margin of the proximal phalanx, which became displaced dorsally, and laceration of the 
flexor tendons of the little finger. 

Fig. 6-A: Shows preoperative limitation of flexion in the ring finger due to stiff proximal interphalan- 
geal joint, secondary to tight collateral ligaments and unreduced fracture of the articular margin of 
the proximal phalanx. The limitation of flexion in the little finger was due to adherent flexor tendons 
following primary repair. 

Fig. 6-B: Shows improvement in flexion after reduction of fracture, and capsulectomy of the collateral 
ligaments and tendolysis of flexor tendons in ring and little fingers. 
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Injury 


Fractures of proximal 
phalanges of the in- 
dex, middle, and ring 
fingers 


Fracture of proximal 
phalanx, index fin- 
yer 


Crushing injury with 
fracture of proximal 
phalanx, middle fin- 


ger 


Crushing injury with 
fracture of proximal 
phalanx, index fin- 


ger 


Fractures of proximal 
phalanges of middle, 
ring, little fin- 
gers 


and 


Burned middle finger, 
fusion of distal inter- 
phalangeal joint with 
healed 
middle phalanx due 


fracture ol 


to osteomyelitis 


Fractured metacarpals 


of middle and ring 
fingers 
Laceration of extensor 


tendon, ring finger 


Limitation in 


R. 


Disability 


Lacked on 


distal palmar crease: 


flexing to 


Index: 2'% in. ae- 


tively, 144 in. pas- 


sively; 
Middle: 3 in. ae- 
tively, 2'% in 


passively ; 
Ring: 3 in. actively, 


2! in. passively. 


Malunion with angula- 


tion. 

Lacked: 
in. of complete 
extension; 1%. in. 


on flexing to distal 


palmar crease, 


Malunion with angula- 
tion 
Lacked: 
2 in. of complete ex- 
tension; 144 in. on 
distal 


palmar crease. 


flexing to 


with 
bone block, proximal 


Dense  cieatrix 
interphalangeal joint. 
No motion at proximal 
interphalangeal joint 


Lacked 2 in. on flexing 
middle, ring, and lit- 
tle fingers to distal 
palmar crease. 

No active or passive 
flexion at distal in- 
terphalangeal joint. 
Not able to work. 


Limited flexion, —ac- 
tively and passively, 
at proximal inter- 


phalangeal joint. 


flexion 


and extension of 
middle and ring fin- 
gers 
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TABLE I 


Summary or Twenty-Five Cases or CapsuLeEcTOMY OF INTERPHALANGEAL JOINTS 
rOR LIMITATION OF FLEXION 


Operative Procedures 


Capsulectomy of prox- 
imal interphalangeal 
joints. 

Tenotomy of interossei. 

Tendolysis of finger 
flexors. 


Capsulectomy of prox- 
imal interphalangeal 
joint. 

Tendolysis of extensor 
tendon. 

Osteotomy of proximal 
phalanx. 


Capsulectomy of col- 
lateral ligaments, 
proximal interpha- 
langeal joint. 

Osteotomy of proximal 
phalanx 


Capsulectomy of col- 


lateral ligaments, 
proximal — interpha- 
langeal joint. 

Excision of exostosis 


from joint. 


Capsulectomy of col- 
lateral ligaments of 
proximal and distal 
interphalangeal 
joints. 

Tendolysis of flexor 

tendons. 


Tenotomy, interossei. 


Capsulectomy of col- 
lateral ligaments, 
Tenotomy of interos- 


Sel 


Capsulectomy of collat- 
eral ligaments, prox- 
imal interphalangeal 
joints 

Tenotomy of interos- 
sei, 

Tendolysis of flexor 


tendons 


JOURNAL OF 


BONE 


Results 


Flexes all fingers to 
distal palmar crease 
actively. 

Can claw fingers pas- 
sively. 


Lacks | in. of complete 
extension and ' in. 
of complete flexion. 

Angulation corrected 


Lacks | in. on flexing 
to distal palmar 
crease, 


No gain in extension. 


Gained 30 degrees of 
motion at proximal 
interphalangeal joint 

Less pain with use of 
proximal interpha- 

langeal joint. 


Actively flexes all fin- 
gers to 114 in. of 
distal palmar crease 

Returned to work. 


active 
motion at proximal 


70 degrees of 


interphalangeal! 
joint. 


fair in 


Improvement 
both flexion and ex- 
tension. 
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TABLE I (continued) 


Injury Disability Operative Procedures Results 


Crushing injury with  Lacked 2! in. actively Capsulectomy of collat- | Bowing corrected. 


fracture of proximal and 2 in. passively eral ligaments, prox- Lacks 2!'¢ in. actively 
phalanx, index fin- on flexing to distal imal interphalangeal and 19 in, passively 
ger. palmar crease. joint. on flexing to distal 

Malunion with bowing. | Osteotomy of proximal palmar crease. 


phalanx. 


Fractured proximal Much cicatrixin finger. Capsulectomy of col- No improvement in 


phalanx, index fin- 15 degrees of active and lateral ligaments, either flexion or ex- 


ger. passive motion at proximal, interpha- tension. 
Crushing injury. proximal interpha- langeal joint. 
langeal joint. Division of volar plate. 


Tendolysis of flexor and 
extensor tendons, 


Fractured proximal No active or passive  Capsulectomy of col- 35 degrees of motion 
phalanx, ring finger. motion at proximal lateral ligaments of at proximal  inter- 
Laceration of — flexor interphalangeal proximal interpha- phalangeal joint, 

tendons, little finger. joint, ring finger. langeal joint of ring ring finger. 
Articular margin dis- and little fingers. Flexes to within 

placedand malunited. | Osteotomy of proximal in. actively. 
Lacked on flexing to phalanx, ring finger. Little finger flexes to 
distal palmar crease: Tendolysis of flexor distal palmar crease. 

Ring: 2'4 in. active- tendons, ring and 
ly, 2144 in. pas- little fingers. 


sively; 
Little: 2! in. active- 
ly, in. passive- 
ly. 


1! = Fraeture of proximal No active or passive Capsulectomy of collat- 45 degrees of motion 
phalanx of index fin- flexion at proximal eral ligaments, prox- in proximal — inter- 
ger crushed in press. interphalangeal imal interphalangeal phalangeal joint. ‘ 
joint. joint. 
Tendolysis of extensor i 


tendon. 


12. Fracture of proximal Malunion of proximal  Capsulectomyofcollat- Flexes actively to with- 
phalanx, middle fin- phalanx. eral ligaments, prox- in | in, of distal 
ger. Lacked 1% in. actively imal interphalangeal palmar crease. 
and | in. passively joint. Malunion corrected. % 
on flexing to distal Corrective osteotomy. Ae 
palmar crease. 


13) Laceration of flexor Lacked 2%, in. on flex- Capsulectomy of prox- Flexes actively to within 
tendons, middle fin- ing actively and pas- imal and distal inter- | in. of distal palmar 
ger. sively to distal pal- phalangeal joints. Crease. 


Not repaired, mar crease. Tendon graft. 


14 Laceration of flexor  Lacked 3!'9 in. actively Capsulectomy of prox- — Flexes actively to within 
profundus and sub- and passively on flex- imal and distal in- 1 in. of distal palmar 
limis tendons, index ing to distal palmar terphalangeal joints. crease. 
finger crease, Tendon graft, flexor 70 degrees of motion 

Not repaired profundus tendon, at proximal inter- 


phalangeal joint 
25 degrees of motion at 
distal interphalan- 
geal joint 
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Injury Disability 


flexor No active or passive 


15 Laceration of 
motion at distal in- 


profundus tendon, 
middle finger 
Not repaired 


terphalangeal joint. 


actively 


Lacked 3 in. 
and | in. passively on 


16 Laceration of flexor 


tendons, middle fin- 
ger 
Repaired 


flexing to distal pal- 
mar crease 

Lacked 1 in. of com- 
ple te extension 


Laceration of flexor Ischaemic contracture 


tendons and median of hand 


nerve at wrist Stiff metacarpophalan- 
geal and interphalan- 
geal joints. 

Lacked 24% in. actively 
and passively on flex- 
ing fingers to distal 


palmar crease. 


IS Laceration of ring and No active or passive 
flexion at distal in- 
terphalangeal joint, 
ring finger 

Little finger 
flexion. 


little fingers 


CURTIS 


TABLE I (continued) 


Operative Procedures 


Capsulectomy of collat- 


eral ligaments, dis- 
tal interphalangeal 
joint 

Repair by advancement, 
flexor profundus ten- 


oon. 


‘apsulectomy of collat- 
eral ligaments, prox- 
imal interphalangeal 
joint 

Division of volar plate. 
Tendolysis of flexor 


tendons. 


Capsulectomy of prox- 
imal and distal inter- 
phalangeal joints. 

Capsulectomy of meta- 
carpophalangeal 
joints. 

Tenotomy of interossei. 

Tendolysis of finger 
flexors. 

Thumb cleft 

Tendon transfer for op- 


widened 


position 


Capsulectomy of distal 
interphalangeal 
joint, ring finger. 

Volar capsulectomy 
and division of col- 
lateral ligaments, lit- 
tle finger. 

Tendolysis of finger 


flexors. 


Lacked 1 in. actively 
and passively on flex- 


19 Laceration of flexor 
tendons of index and 
middle fingers 


Repaired with tendon 


ing index and middle 
fingers to distal pal- 


grafts mar crease. 


and No functional use in 
left hand. 

Had to be fed 
dressed. 

Fingers in rigid exten- 


20 =Lost right) arm 


mangled left band 


and arm in coal-mine and 
machine. 
sion at metacarpo- 
phalangeal and inter- 
phalangeal joints. 


Tendolysis of tendon 
grafts. 

Capsulectomy of collat- 
eral ligaments, prox- 
imal interphalangeal 


joints 


Several operations: 
Thumb cleft widened 
by muscle-strip- 
ping and skin graft. 
Tendon graft to ex- 
tensor of index fin- 
ger. 
Capsulectomy of 
proximal inter- 
phalangeal joints. 
Capsulectomy of 
metacarpophalan- 


geal joints. 


JOURNAL 


25 degrees of 


BONE 


Results 


25 degrees of active 


and passive motion 


at distal interphalan- 


geal joint. 


Lacks | in. on actively 


flexing to the distal 


palmar crease. 
No gain in extension. 


Flexes to within 1 in. 
of distal palmar 


crease, actively and 


passively. 


flexion 
distal 


actively, at 
interphalangeal joint, 
ring finger. 

Active and passive ex- 
tension of little fin- 


ger improved. 


Flexes index and mid- 


dle fingers to 34 in. 
of distal palmar 
actively and 


crease, 


passively 


Flexes fingers to within 
1% in. of distal 
palmar crease. 

Feeds and dresses self. 
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TABLE I (continued) 


Results 


Injury Disability Operative Procedures 


Tendolysis of common 


extensors, 
Tenotomy of interossei. 


Amputation of termi- Lacked 25% in. on flex- © Capsulectomy of prox- On active flexion to dis- 
nal phalanges of in- ing to distal palmar imal interphalangeal tal palmar crease 
dex, middle, and ring crease. joints. lacks: 


Index: 2 in.; 
Middle: 134 in.; 
Ring: 1 in. 


fingers. 


22) Crushinginjuryofhand — Flexed index finger ac- | Capsulectomy of proxi- | Middle finger flexes to 
with traumatic am- tively and passively mal interphalangeal within | in. of distal 
putation of ring and to within 144 in. of joints of index and palmar crease. 
little fingers in con- distal palmar crease. middle fingers. Index finger touches 
veyor belt. Flexed middle finger to Tenotomy of interos- palm. 

within 2%¢ in. of dis- sei. No cramping in hand 
tal palmar crease. with use. 


Cramping in hand with 
use. 


Corn-picker injury. Limited flexion at prox- Capsulectomy of col- Improved. 
Amputation of middle imal interphalangeal lateral ligaments, 
and terminal pha- joint of little finger, proximal — interpha- 
langes of index, mid- due to tight collat- langeal joint, little 
dle, and ring fingers. eral ligaments and finger. 


adhesions of flexor Tendolysis of flexor 


tendons. tendons. 


! Fractures of metacar- Had only 15 degrees of | Capsulectomy of col- Has 95 degrees of ac- 


to 


pals of middle and active and passive lateral ligaments, tive motion at prox- 
ring fingers as a re- flexion at proximal proximal interpha- imal interphalangeal 
sult of hand being interphalangeal joint langea! joint. joint, middle finger. 
caught in power of middle finger. Tenotomy of interos- 
mower. Ring finger not stiff in sei. 
interphalangeal joint. Tendolysis of extensor 
tendon. 


Burn, forearm and Flexed fingers to within Capsulectomy of col- Flexes all fingers to dis- 
hand. 1! in. of distal pal- lateral ligaments of tal palmar crease. 
mar crease, interphalangeal joints 
of all fingers and of 
distal interphalan- 


geal joint of little 


finger. 


OPERATIVE TECHNIQUE AND POSTOPERATIVE TREATMENT 


The interphalangeal joint is approached by a lateral incision (Fig. 4-A). This 
incision is deepened through skin and subcutaneous tissue to expose a layer of deep fascia 
which has been previously described by Kaplan as extending volarly from the extensor- 
tendon mechanism on the dorsum to the sheath of the flexor tendon. Bunnell has de- 
scribed it as a “fascial sheet’’. This deep fascial cuff is preserved in order that stability 
in the joint can be maintained after the collateral ligaments have been excised. The 
collateral ligament to the proximal interphalangeal joint is best demonstrated by ap- 
proaching the joint from the base of the middle phalanx and elevating the deep fascial 
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Fig. 7-B 

Fig. 7-A: Case 21. Shows index, middle, 
ring, and little fingers after amputation of 
the terminal phalanges through the distal 
interphalangeal joint, and limitation of 
flexion at the proximal interphalangeal joint 
due to tight collateral ligaments. The pa- 
tient is a farmer. He could not grip the steer- 
ing wheel of a tractor. 


Fig. 7-B: Shows fingers immediately post- 
operatively, with flexion gained at operation 
being maintained by fine Kirschner wires 
introduced into the distal end of the proxi- 
mal phalanx 


Fig. 7-C: Flexion at proximal interpha- 
langeal joint improved to such a point that 
the patient could drive tractor 


cuff (Pig. 4-A). A block of the ligament is excised on both sides of the joint, the surgeon 

attempting to remove as much of the ligament as possible, as shown in Figure 4-B. 
When the distal interphalangeal joint is involved by the contracture, it is difficult 

to preserve a definite deep fascial cuff. However, no instability was encountered from a 


ia, 

big &-A: Case 6 Shows lc k of flexion il prox- 
imal interphalangeal joint of the middle finger 
due to tight collateral ligaments and contracted 
interosse: following burn, with osteomyelitis of 
the middle ph lanx and destruction of the distal 
interphalangeal jount 

Fig. 8-B: Postoperative photograph shows improved flexion at the proximal interphalangeal joint 
following capsulectomy of the collateral ligaments and tenotomy of the interossei. 
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simple division of the collateral ligaments or the volar plate. A lateral surgical approach 
was always used, and in some cases a block of the ligament could be excised instead of a 
simple division of the ligament being made. 

In some cases, in which the condition is of long standing, the volar synovial pouch 
has become obliterated, and this must be re-formed with a small curved elevator or by 
forcing the base of the phalanx into flexion. 

In those cases in which there is an associated contracture of the interosseus muscle, 
the interosseus tendon is lengthened by tenotomy and is then resutured; if necessary, the 
extensor-tendon mechanism can be freed over the dorsum of the finger by this operative 
approach. 

Before closure of the wound, 0.5 cubie centimeter of hydrocortisone acetate is injected 
into each interphalangeal joint, as suggested by Howard, Bunnell, and Pratt. In order 
to maintain the fingers in a partially flexed position at the interphalangeal joint, a fine 
Kirschner wire is introduced into the distal end of the proximal phalanx with the middle 
phalanx in flexion (Fig. 7-B). This prevents one from losing the flexion gained at operation 
during the period of postoperative swelling. In five to seven days, the Kirschner wire is 
removed and rubber-band splinting is started. Figure 5-B illustrates the type of splint 
found to be most satisfactory. This splint gradually pulls the interphalangeal joints into 
acute flexion and at the same time produces extension at the metacarpophalangeal joints, 
thus stretching the contracted interosseus muscles, if these are associated in the con- 
tracture. 

Splinting is continued until the patient is able to maintain by active and passive 
exercise the range of motion obtained postoperatively. In some cases, this has necessitated 
part-time splinting for as long as three or four months. In other instances, it has been 
necessary to alternate the splinting, so that the fingers are stretched into flexion one day 
and into extension the next day. Physical therapy, with active motion and careful passive 
motion, is begun as soon as wound healing will permit. By using paraffin baths, we have 
found that this can be started as early as five to seven days postoperatively. 

The same operative approach is used in those cases which show limited extension. 
One can, divide the volar plate of the capsular ligament with ease through this lateral 
operative approach. It has been found that in some joints, in which the capsule is pri- 
marily responsible for the contracture, it is also necessary to divide the collateral ligaments 
before extension can be obtained for, when the joint is held in acute flexion, the collateral 
ligaments become adherent to all the surrounding structures and so limit extension. 
When indicated, a tendolysis of the flexor tendons can be performed, as well as a division 
of the contracted sheath of the flexor tendon. Rubber-band splinting is begun immediately 
postoperatively, if possible, when the problem is one of limitation of extension, by the use 
of a cast with outrigger and rubber bands, or the Bunnell knuckle-bender splint with 
outrigger and rubber bands. 


DISCUSSION OF CASES 


This presentation is based on an analysis of fifty patients in whom there was per- 
sistent limitation of extension or flexion of the interphalangeal joints, despite conservative 
treatment consisting in special non-rigid splinting and physical and occupational therapy. 


Limitation of Extension 


The etiological factor which predisposed to this lack of function is interesting. In 
seven of the twenty-five patients, the lack of extension occurred secondary to the develop- 
ment of Dupuytren’s contracture. It was found that surgical excision of the thickened 
fascia within the finger and a release of the contracted skin would not allow extension of 
the finger at the proximal interphalangeal joint. This extension, however, was obtained 
after division of the volar plate and collateral ligaments of the capsule of the joint; in 
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some instances, it was necessary to divide the flexor tendon sheath, as well as to lengthen 
the flexor tendon 

In ten of the patients a flexion contracture or limited extension of the fingers had 
developed secondary to the primary repair of lacerated flexor tendons. At the time of the 
tendolysis of the flexor tendon within the finger, it had been necessary to divide the volar 
plate and the collateral ligaments of the capsule in order to obtain extension. In five of 
these patients, the sheath of the flexor tendon had also contracted and was divided. 

The flexion contracture followed prolonged immobilization of the fingers in flexion 
for fractures of the proximal phalanges in two patients and a dislocation of the proximal 
interphalangeal joint in another. 

In two patients, the limited extension followed burns to the fingers. At operation, 
release of the scar contracture of the skin did not allow passive extension; this was ob- 
tained only after a division of the volar plate and the collateral ligaments. 

One patient with severe flexion contracture following arthritis of the hand showed 
considerable improvement following division of flexor-tendon sheath, volar plate, and col- 
lateral ligaments of both proximai and distal interphalangeal joints. In another patient, the 
lack of extension followed prolonged immobilization for Colles’ fracture. In the last patient 
in this group, the deformity followed an old ulnar-nerve paralysis, and tendon transplan- 
tations were successful only after passive extension of the fingers had been obtained by a 
volar capsulectomy of the proximal interphalangeal joints. In this group of twenty-five 
patients, an improvement in range of motion and function was obtained in all, with no 


instability of the joints. 


Limitation of Flexion 

The most common cause for the limitation of flexion in the twenty-five patients 
studied was fracture of the fingers, particularly fracture of the proximal phalanx, which 
had been immobilized in the position of extension until healing occurred. There were 
twelve cases in this group. In one of these patients, in addition to tight collateral ligaments, 
there was a bony block from an exostosis. There were eight patients who had had tendon 
injury which required secondary tendolysis or tendon graft. Capsulectomy was _ per- 
formed at the time of the tendon-grafting in two patients, because intensive preoperative 
physical therapy and splinting had failed to produce good passive flexion of the inter- 
phalangeal joints; it was felt that, in order to achieve a good result postoperatively, one 
had to achieve good passive flexion of the finger at operation. A satisfactory result was 
obtained in these latter two patients. 

The remaining patients had as the primary causes the following conditions: traumatic 
amputation of the terminal phalanges, severe crushing injuries to the hand and fingers, 
and burn of the hand and forearm. 

In this group of patients in whom there was limitation of flexion, the procedures 
most commonly employed together were tenotomy of the interosseus tendons and cap- 
sulectomy of the interphalangeal joints. All patients had had prolonged periods of con- 
servative treatment with non-rigid splinting and physical therapy. There was not one 
case of instability of the interphalangeal joints in this group, and improvement in function 
postoperatively was obtained in all but one patient. 

Before one undertakes to carry out the procedure of capsulectomy to the inter- 
phalangeal! joints to improve flexion, one would like to know what to expect as an end 
result and in what cases the procedure should be attempted. After reviewing the results 
in this series, it is apparent that, when one is dealing with limitation of flexion of the finger, 
and on examination the patient is able to flex to within one inch of the distal palmar crease, 
it is better judgment to rely on conservative measures to improve flexion. On the other 
hand, it is in the group of patients who have a lesser degree of flexion, even in those 
whose fingers are held in rigid extension, but without bony ankylosis, that one can expect 
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to improve flexion by this operative procedure. This was true in this series, eventhough 
the procedure of capsulectomy had to be combined with other operative procedures when 
other anatomical structures were also limiting flexion. 

The surgeon may wonder, too, whether flexion will be improved at the expense of 
extension. This may occur, particularly if active and passive extension are not encouraged 
early, in addition to active and passive flexion. However, this has been a complication 
only when we were dealing with badly scarred fingers which were held in rigid extension 
with little or no flexion at the interphalangeal joints. Postoperatively, several of these 
patients were unable to extend to a straight line. However, from a standpoint of hand 
function, they were much improved in that the fingers could be flexed for grasp, with 


some limited extension. 

The results seem to indicate that the more anatomical structures are involved in 
the limitation of motion, the poorer is the end result. If the only limiting factor for flexion 
in the interphalangeal joint was a capsular ligament, then capsulectomy of the collateral 
ligaments gave a good result, both for flexion and extension. On the other hand, if it was 
necessary to free the extensor tendon over the proximal phalanx and to perform a tenot- 
omy of the interossei and a capsulectomy of the collateral ligaments, in order to obtain 
flexion of the proximal interphalangeal joint, then the end result achieved by surgery was 
not so good. This was particularly true of the finger bound by cicatrix. 

Thus, if one assesses the finger carefully before operation, he can determine with 
some degree of surety what the end result will be. In some patients, the increase in motion 
of only 20 to 30 degrees in the proximal interphalangeal joint gave a hand which could 
be used for work. This cannot be considered an unimportant gain for such an undertaking, 
since it made the difference between employment and no employment. 

One should not expect to restore function completely by this procedure, but one 


can expect to improve it. 


SUMMARY 


A group of fifty patients, twenty-five of whom presented a limitation of extension of 
the fingers, and twenty-five a limitation of flexion of fingers, as a result of mechanical 
limitation at the interphalangeal joints, has been studied. In these patients, there were 
seventy-two interphalangeal joints subjected to surgery, in order to improve function 


after conservative measures had failed. 

An operative procedure in which a lateral approach is used allows the operator to 
excise a portion of the collateral ligament from each side of the joint without disturbing the 
stability in the proximal interphalangeal joint. At the same time it provides easy access 
to all other structures which may play a role in blocking extension or flexion of the fingers 


at the interphalangeal joints. 

The results in this series of patients lead to the conclusion that, when the inter- 
phalangeal joint is intrinsically in good condition as shown by the roentgenogram, one 
can expect a measurable improvement by the procedure of capsulectomy of the inte :- 


phalangeal joints. 
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DISCUSSION 

De. bk. B. Kartax, New York, N. Y.: The essayist must be highly praised for this excellent presenta- 
tion and for the results which he obtained from the application of his method. The accurate knowledge of 
the finer points of anatomy, skillful selection of cases, and proper technique in the execution of the surgical 
procedure contributed to the restoration and improvement of function of the interphalangeal joints 

The diseussor has had the opportunity to treat stiff interphalangeal joints by removal of the head of 
the phalanx constituting the proximal segment of the distal or proximal interphalangeal joint or by capsulec- 
tomy. The problem of improving function of these joints is a difficult one, especially when there is instability 
following intervention. However, instability can be avoided if careful consideration is given to the structure 
of the dorsal apparatus and the flexor tunnel of a finger. 

In the surgical procedure, after an appropriate incision of the skin has been decided upon, the dorsal 
ipparatus must be adequately exposed and the joint approached in the following manner: An 


extensor 
The dorsal extensor apparatus can 


incision is made parallel to the lateral band unilaterally or bilaterally 
be gently retracted, and the corresponding joint can be treated. After the procedure on the joint, the dorsal 
apparatus is replaced, but the line of incision which was made parallel to the band is sutured or, occasionally, 
left alone. The skin is sutured in the accepted manner. Traction (preferably skeletal) is applied. 

As the essayist has demonstrated, the application of his method, proper selection of cases, and adequate 


knowledge of structural detail will contribute to solution of treatment of this complicated problem. 


Dr. SrerunGc BUNNELL, SAN FRANCISCO, CALIFORNIA: I believe that this contribution by Dr. Curtis 
is ap important paper. He offers a solution to a problem we have been up against. We have had so much 
trouble with these stiff middle joints of the fingers that finally we thought the best treatment for them was 
occupational therapy and hard work. Occasionally, we have operated, doing capsulectomies, and we have 
made some gain, but we have not used quite the method shown by Dr. Curtis. We did not follow the opera- 
tion with six weeks of traction, as we have learned to do for the proximal joints. 

In flexor contraction of any joint, there is always one primary cause of contraction, and every tissue 
from skin to joint or bone is secondarily involved. This is especially true of these middle joints of the fingers. 

A finger that has been in sharp flexion for a long time will not extend until both the capsular ligaments 
have been excised and the volar ligament has been cut across. If too much is cut, the joint will dislocate. 
Similarly, if the finger is out straight, the capsular ligaments will hold the joint either straight or flexed 
according to the position of the joint when they shorten. 

Dr. Curtis brought out the point that the aponeurosis must be preserved for lateral stability. He retracts 


it proximally in order to excise the collateral ligaments and then leaves it as a sleeve for lateral stability. 


This step may be something well worth while. 


DISCUSSION 
AnTHRODESIS OF THE Hip in Wipe Appucrion 
Continued from page 1189) 


Annorr (closing): | would like to emphasize that the shortening which takes place after this 


Dr 
I must add that another difficulty which I have encountered with 


method of arthrodesis is insignificant 
osteotomy is that the motion remaining is crippling because of pain, especially in patients who have to 
stand all day 

I still believe that the position of fusion is a matter of individual opinion, Some surgeons, for example, 
my associate, Dr. Frederic Bost, prefer a position of slight adduction. He feels that the patient has a better 
gait 

I would like to thank Dr. Key for his kindly remarks. I know that we were working together, but 
actually I did the first operation for arthrodesis in abduction at the Shriners’ Hospital for Crippled Children 


in St. Louis. Dr. Key and I had many pleasant arguments about the conditions which produced the rapid 


and certain fusion 
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POPLITEAL CYSTS ASSOCIATED WITH UNDIAGNOSED POSTERIOR 
LESIONS OF THE MEDIAL MENISCUS* 


BY HAROLD M. CHILDRESS, M.D., JAMESTOWN, NEW YORK 

This paper is particularly concerned with popliteal cysts, or bursae, accompanied 
by knee-joint effusion, but without pathological conditions of the bones or joint de- 
monstrable by roentgenograms. Although nearly all popliteal cysts communicate with 
the joint, it is generally agreed that results following surgical excision are uniformly 
good, if recurrence can be prevented. Agreement is based on the assumption that the 
cyst, by intermittently discharging irritating fluid into the joint, produces a chronic 
synovitis. 

That such optimism is unwarranted is concluded from a study of twenty-one con- 
secutive excisions of the cyst during the past seven years. There have been no recur- 
rences; yet the results were unsatisfactory in three patients. These patients had had 
previously undiagnosed posterior lacerations of the medial meniscus, as proved by subse- 
quent arthrotomies. Each recovered completely following meniscectomy. The meniscal 
lesions cannot be detected by x-rays or by air injections into the joint; and, in the presence 
of a cyst, the clinical signs are obscured. In a careful review of the literature, no mention 
was found of the association of this condition of the meniscus, diagnosed or undiagnosed, 
with popliteal swelling. 

Popliteal cysts—also known as Baker’s cysts, popliteal bursitis, semimembranosus 
bursitis, and posterior synovial herniations—frequently communicate with the joint 
through a posterior capsular defect. Wilson, Kyre-Brook, and Francis found this opening 
to be present in seventeen of thirty dissected specimens from adults and in fifteen of 
twenty-two surgically excised cysts. In all of the fifteen cases reported by Meyerding and 
Van Demark there was communication with the joint. In this present series of twenty- 
one cysts, treated surgically, seventeen were found to have such an outlet. In practically 
every case, the communication was situated high up under the tendinous origin of the 
medial head of the gastrocnemius. 

_ It has long been known that the popliteal cyst is often associated with an intra-articular 
pathological condition. In fact, the original investigators (Adams in 1840 and Baker in 
1877) concluded that the swelling of the popliteal fossa was produced by osteo-arthritis 
at the knee. It is apparent that any condition which increases joint fluid may be the 
cause of a popliteal cyst. Suspected causes, therefore, in addition to many forms of ar- 
thritis, are severe trauma to regional soft tissues or to bone, osteochondritis dissecans, 
chondromalacia of the patella, Charcot’s joint, and even arthrotomies. A reasonable 
explanation of the relationship is as follows: When excessive synovial fluid is developed 
within the joint, some of this fluid is forced through the posterior capsular opening into 
the semimembranosus bursa. This becomes distended, and its walls become inflamed, 
because of the multiple minimal trauma arising from erdinary motions at the knee. The 
popliteal swelling may persist, even though the original condition within the joint has 
subsided or has been corrected surgically. The action is now reversed and the bursa 
produces the fluid which is intermittently discharged into the joint. This cystic material 
is irritating to the synovial lining of the joint in which, in turn, an effusion is produced. 
On the other hand, direct or indirect trauma to the popliteal area may produce a primary 
reaction within a normal bursa. If it communicates with the joint, the latter may become 
secondarily involved in the manner described. 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Llinois, 
January 24, 1954. 
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A problem confronts the examiner who finds a posterior cyst or bursa in a knee 
which has, or has had, an effusion. Is the cyst primary or secondary? Is it because of, 
or is it caused by, the synovial reaction? In the presence of negative roentgenograms 
and with neither the history nor the physical signs of a joint lesion, one concludes that 
the eyst is primary and that it should be surgically removed. This form of reasoning 
resulted in three complete failures in the author’s group of patients, even though the 
cyst did not recur after surgery. Careful study of these three cases led to the conclusion 
that the cyst had been given too prominent a role in the patient’s complaints. Signs of 
a meniscal lesion were indefinite or were concealed by the bulging cyst and the joint 
effusion. 

CASE REPORTS 

Case |. A heavily muscled automobile mechanic, thirty-four years old, had injured his left knee 
when he had slipped on an oily floor. Three months later a definite tumor had developed at the popliteal 
fossa, and the patient was unable to work. Examination revealed a definite popliteal cyst, associated with 
increased joint fluid. Quadriceps atrophy of one-half inch was present, and the patient walked with a limp 
The cyst was excised and was found to be a distended semimembranosus bursa connected to the joint 
by a one-inch isthmus. Closure of the defect was done with silk mattress sutures. The cyst did not recur, 
but joint effusion persisted. Complaints became generalized at the knee, mostly at the medial aspect. Arthrot- 
omy was done twelve months later, and the posterior medial meniscus was found to be oedematous and 
to have two old lacerations. Total meniscectomy was done. The patient’s complaints diminished, and he 


returned to work in six weeks 


Case 2. A machinist, sixty years old, had twisted his right knee while working. Swelling at the pop- 
liteal space had been noted four weeks later; this continued to increase in size. Examination showed quadri- 
ceps atrophy of one-half inch, marked joint effusion, and a large popliteal cyst medial to the mid-line. A 
definite fluid wave could be transmitted both from the joint to the cyst and from the cyst to the joint. 
Surgery disclosed the eyst to be a semimembranosus bursa with an oval capsular defect one and one-half 
inches long which allowed communication with the joint. A graft from the medial gastrocnemius tendon 
was used to close the opening. The cyst did not recur, but increased joint fluid persisted. The patient was 
able to work. Two months later, at arthrotomy, the posterior portion of the medial meniscus was found to 
be frayed and detached. Total meniscectomy was done. The patient made excellent progress and he returned 
to work in five weeks 


Case 3. A carpenter, fifty-one years old, had injured his right knee while carrying a bag of cement 
Two months later he had noticed popliteal swelling. Examination revealed quadriceps atrophy of one-half 


inch, moderate joint effusion, and a moderate-sized popliteal cyst. Moderate osteo-arthritic changes were 


xeon in the reentgenograms. The distended bursa communicated with the joint by a one-inch opening 
This was closed by silk mattress sutures. The cyst did not recur, but the patient continued to have com- 
plaints about his joint and persistent synovial reaction. Arthrotomy was performed four months later; 
the posterior two-fifths of the medial meniscus was fraved and degenerated, and there was chondromalacia 
of the patella. Total meniscectomy was done and the articular cartilage of the patella was removed. The 


patient's improvement was gradual and he returned to work in seven weeks 


It is apparent that the joint lesion in these three patients was primary. Had it been 
diagnosed accurately and had it been treated early, many months of disability would 
have been avoided. In addition, had the original lesion been treated promptly, the cyst 
might not have appeared or might have disappeared spontaneously. 

\ new approach is being advocated for a patient with this type of condition. Both 
the joint and the cyst should be completely aspirated, and the knee should be carefully 
examined for internal derangement. The use of air injections into the cyst or the joint, 
in order to demonstrate a communication between the cyst and the joint, has been 
discontinued. It is believed that, if the surgeon is diligent in his search during surgery, 
he will certainly find the communication if such exists. An aid to this exploration is 
mentioned in the discussion of the surgical technique. 

In a review of a group of proved isolated posterior lesions of the medial meniscus, 
it was found that the majority of such lesions occurred when the patient was in a crouched- 
down or squatting position. Consequently, a manoeuvre, termed the “duck-waddle” 
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test, was devised. The test is based on complete knee flexion with the patient bearing 
weight; the patient squats down and waddles backward and forward, twisting from side 
to side. This is a common conditioning exercise for football players and is a definite aid 


in the diagnosis of a posterior lesion of the medial meniscus. Pain, with or without an 


accompanying intra-articular click, denotes a positive response. 
In these patients, four signs have been found to be valuable in making a diagnosis: 


1. Local tenderness on pressure and mild to moderate bulging at the medial or 
posteromedial joint line with the knee in hyperextension and bearing weight; 

2. Pain on forced adduction of the extended knee—no pain on abduction; 

3. MeMurray’s sign; 

1. The “‘duck-waddle”’ test. 

Three patients have been encountered in whom the diagnosis of popliteal cyst 
and a lesion of the posterior portion of the medial meniscus was made at the original 


examination. 


Case 4. A nurse, twenty-one years old, in whom a popliteal cyst developed, had had persistent dis- 
comfort in the left knee for about one year. Her primary concern was with the cyst and not with the joint. 


There was moderately increased joint fluid and quadriceps atrophy of one-half inch. The cyst contained 
thick yellowish fluid. Tests indicated a lesion of the posterior portion of the medial meniscus. An old lacer- 
ation of the posterior portion of the medial meniscus was found at arthrotomy. The cyst disappeared four 


weeks postoperatively; there has been no recurrence in a period of five years. 


Case 5. A male factory worker, fifty-two years old, complained of pain in the right knee of several 
years’ duration, with instability but no locking. Examination disclosed a small cyst medial to the mid-line, 


of which patient was not aware, quadriceps atrophy of one-half inch, and moderately increased joint fluid. 


The cyst contained gelatinous clear-colored material. Signs indicated a lesion of the posterior portion of 


the medial meniscus, this was found at arthrotomy. Pressure upon the popliteal area forced the cystic contents 


into the joint. No attempt was made to excise the cyst, and it was not possible to close the small com- 


municating channel through the original incision. The cyst has not recurred in a period of three years, 


Case 6. A laborer, forty-three years old, had a popliteal swelling of two years’ duration which developed 
shortly after he had twisted his right knee. Multiple aspirations were of no benefit; surgical excision of the 


cyst was done. Within two months the cyst recurred; it was again excised by his physician. After another 


recurrence, the patient refused further surgery. He had not been able to return to his regular work. When 


he was seen in consultation, examination showed quadriceps atrophy of one inch and markedly increased 


joint fluid, with a large cyst medial to the mid-line of the popliteal fossa. A thin yellowish fluid was aspirated 


from the eyst. Following complete aspiration of both the cyst and the joint, tests indicated a lesion of the 


posterior portion of the medial meniscus. The entire posterior horn of the medial meniscus was 
found to be frayed and hypertrophic. Although the patient had no complaints after meniscectomy, the 
cyst persisted. Two months later the cyst was excised, and it was found to communicate with the joint by 


means of a one-inch posterior capsular defect which had not been repaired previously. A tendon graft was 


used to close the defect. The cyst has not recurred in a period of two years; synovial reaction persisted for 


seven months. 


The cyst in Case 5 may not have been a result of joint derangement. Had it been 
credited, however, with producing the patient’s complaints, then certain failure would 
have resulted. Case 6 illustrates well why this study was made. Had the joint lesion 
been recognized at the original examination, the patient would probably have been spared 


three operations and over two years of partial disability. Furthermore, had the communi- 


cation been found and adequately repaired at the first operation, the two recurrences 
would have been avoided. The importance of properly closing these openings cannot 


be stressed too emphatically. 
The author has been unable to find any reported instances in which a popliteal 


cyst or distended bursa was considered secondary to a proved lesion of the posterior 
portior of the medial meniscus. Haggart stated that in his group of twenty-two true 
posterior synovial herniations, 60 per cent. presented signs which suggested internal 
derangement of the articulation. He inferred that the cyst produced these signs and that 
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they disappeared upon removal 
of the cyst. Burman reported 
on four patients with pop- 
liteal cysts and with lesions 
of the medial meniscus which 
had been produced by common 
trauma. Two meniscal lacer- 
ations were proved at arthrot- 
omy. He emphasized that the 
two conditions were not re- 
lated and that they should be 
regarded as two separate enti- 
ties. Casagrande, however, re- 
cently treated a patient with 
an injury similar to those 
recorded in this paper. The 
patient had sustained an in- 
jury to the right knee several 
months previously. A few 
months later, a large popliteal 
cyst appeared which was ex- 
cised by his physician. He 
continued to have joint com- 
plaints and at arthrotomy a 
typical parrot-beak tear of the 
posterior horn of the medial 
meniscus was found. Recovery 
Was complete. Yancey also 
treated a patient with a typi- 
cal lesion. His patient, a young 


professional baseball player, 
had injured his right knee two 


years previously; injury wa 
Drawing illustrates communication of the eyst with the joint and - : fis 
the closing of the opening by means of a tendon graft followed a few months later 
by a cyst at the medial pop- 

liteal space. The cyst was present only at intervals. At arthrotomy, in November 1953, 
a posterior lesion of the medial meniscus was found. The popliteal cyst reappeared soon 
after the operation, and excision was necessary three months later. He recovered com- 


pletely 


SURGICAL TECHNIQUE 


With the patient lying prone and the knee flexed about 25 degrees, a curved longi- 
tudinal incision is made convex medially. No tourniquet is required if the cyst is a dis- 
tended semimembranosus bursa, as little bleeding is encountered in these fascial and 
muscle planes. Despite textbook descriptions to the contrary, a definite pedicle or stalk 
is rarely encountered. Usually the base covers an area of the posterior joint capsule, 
one inch or more in diameter. If a communication exists, it is nearly always under the 
tendinous insertion of the medial head of the gastrocnemius muscle (Fig. 1). Strong 
retraction up, and lateral to, the tendon is essential. If the search is unsuccessful a small 
amount of saline solution tinted with methylene blue may be injected into the joint 
through the posterior portion of the capsule. Air, rather than fluid, may be used. This 
will cause a bulging-out of the pouch; then, upon retraction of the medial gastrocnemius, 
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the opening may be defined by the dye solution or by bubbles. If the aperture is small, 
its edges, after scarification, may be plicated or approximated snugly by silk or cotton 
sutures. If the opening is large, a free tendon graft is used (Fig. 1), as originally described 
by Haggart. The exposed semimembranosus or medial gastrocnemius tendon provides 
sufficient material. Before closure, it is important that the surgeon test the suture line 
by bringing the knee into full extension and re examining the site of repair. Sponge- 
rubber pressure pads are placed over the popliteal fossa and the suprapatellar pouch 
before a plaster knee cylinder is applied with the knee in extension of 180 degrees. 

In order that misinterpretation of this study may be avoided, further factors must 
be considered. One would certainly not expect to find posterior meniscal lesions in six 
of twenty-one patients with popliteal cysts; this, however, is the number of patients 
who were subjected to meniscectomy. Thirty-five additional patients were seen during 
this period; these were not subjected to surgery. The six lesions of the medial meniscus 
occurred, therefore, in a total of fifty-six patients with popliteal cysts—an incidence of 
about one in ten. Since the majority of these were referred patients, many had received 
previous treatment and most had accompanying joint complaints. In such a group one 
would undoubtedly encounter a greater than average number of related articular con- 
ditions. 
CONCLUSIONS 


1. The usual popliteal cyst is a distended semimembranosus bursa, frequently 
communicating with the joint through a posterior defect which is rather constant in 


location. 
2. Successful excision of the eyst without recurrence does not ensure a successful 
result in all patients. The cyst may be secondary to an obscure or concealed joint lesion. 
3. A lesion of the posterior portion of the medial meniscus should be suspected, 
even though it is not evident in the roentgenograms, when the cyst has, or has had, an 
associated joint effusion of unknown etiology. 
4. Karly diagnosis and surgical treatment of the meniscal lesion will prevent the 
formation of such cysts. 
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DISCUSSION 
Dr. Wituiam H. Bieket, Rocuester, Minnesora: Anatomically, it is a known fact that several of 
the bursae about the knee communicate with the knee joint. The popliteal bursa, the semimembranosus 
bursa, and the bursa beneath the head of the gastrocnemius muscle most frequently communicate with the 
knee joint. The communication may be small or it may be large, and it is usually beneath either the origin 
or the insertion of the muscles, When the knee is extended, the openings are closed; when the knee is flexed, 
the mouths of the bursae are open. The fluid can communicate with the bursa in the posterior aspect of the 
knee joint better with the knee in a flexed position. Perhaps the butterfly valve action of these muscles, 
Continued on page 1240) 
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OF THE SOFT TISSUES OF THE HAND *4 


VASCULARIZATION 


AND RICHARD B. STARK, M.D., NEW YORK, N. Y. 


ARTERIAL 


BY HERBERT CONWAY, M.D., 


From the Department of Surgery (Plastic), The New York Hospital- 
Cornell Medical Center, New York 


A slough of the soft tissues or a delay in the healing of wounds in the central part of 
the palm occurs sufficiently often following surgical intervention to warrant investigation 


of the degree of vascularity of this area. 

The subject of surface vascularization has been relatively neglected since the latter 
part of the nineteenth century, when Manchot published his classic monograph. His work 
was the result of dissections on cadavera, as is the work to be presented in this paper. 


TECHNIQUE 


In both upper extremities of five cadavera from the dissecting room, radiopaque 
fluid (thorium dioxide) was injected into the radial and ulnar arteries. Arteriograms were 
made of the vascular tree of the skin and subcutaneous tissue of the palm after these soft 
tissues had been dissected cleanly from the deep fascia, palmar aponeurosis, and tendon 


sheaths 


RESULTS 


The arterial vascularization of the skin and subcutaneous tissue of the volar aspect 
of the hand takes place by means of arterioles and capillaries which run perpendicular to 
Most of these are endarterial tufts and only in the area of the 


the surface of the skin 
digits did we find the longitudinal circulation which courses parallel to the surface of the 


skin in the digital arteries. Three distinct zones of abundant vascularity were found. The 
thenar and hypothenar areas and the soft tissues of the palm distal to the distal flexion 
crease presented areas of abundant circulation. However, a triangular zone bordered by 
these three areas showed a paucity of arterial circulation. This triangle rests in the central 


portion of the palm, its apex being proximal. This has been a constant finding in all ten 


of the palms which were studied. 


DISCUSSION 


In the operation of fasciectomy for Dupuytren’s contracture, it is necessary to under- 


mine flaps of skin and subcutaneous tissue widely, both proximally and distally, if the 
palmar aponeurosis is to be excised completely. However, such wide undermining of the 
soft tissues of the palm in the triangular region of limited vascularity leads not infre- 
quently to slough of one or both of the flaps, or to delayed wound healing. If ideal wound 
healing is to be obtained, undermining of these flaps necessarily must be limited. This 
presupposes a limited excision of the palmar fascia, which can be accomplished through 
a short, curvilinear Meyerding-Bunnell incision. Through this, only the palmar aponeu- 
rosis to the long, ring, and little fingers can be exposed with ease; however, involvement 


of the palmar fascia leading to the index finger occurs infrequently. It was involved in 
only 11 per cent. of the eighty-eight cases of Dupuytren’s contracture treated at The New 


York Hospital 


The alternative to the limited undermining of the skin and subcutaneous tissues and 


* Presented at the Annual Meeting of the American Society for Surgery of the Hand, Chicago, Illinois, 


January 22, 1954 
+ This work was aided by United States Public Health Service Grant No. H-466. 
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Fia. 1 

Figs. | to 3: A triangular zone of limited arterial 
vascularity is present in the central portion of the 
palm, with its apex proximal. This triangular zone 
is surrounded by three zones of marked vasculari- 
zation, — namely, the thenar area, the hypothenar 
area, and the palmar area distal to the flexion 
crease. This triangular area of limited palmar vas- 
cularity was found to be constant in ten cadavera. 
It is believed to be the underlying cause of the 
complication of delayed wound healing or palmar 
slough following fasciectomy for Dupuytren’s con- 
tracture. (Fig. | reproduced by permission of The 
Williams and Wilkins Co. from Plastic and Recon- 
structive Surgery, 12: 358, 1953, and from Revista 
Latino Americana de Cirugia Plastica, 1:34, 1953. 


the limited excision of the palmar aponeu- 
rosis is the complete removal of the palmar 
aponeurosis. When flaps are of question- 
able viability, those portions which show 
circulatory embarrassment must be ex- 
cised and the palmar defects must then be 
covered by pedicled flaps. 

Whether the zone of anatomical weak- 
ness, turned back as a flap, should be re- 
placed by a skin graft, as Lexer did many 
years ago, is a matter for surgical judg- 


ment. A graft of the palm is superior certainly to palmar necrosis or delayed wound heal- 
ing. In any case, the operation for Dupuytren’s contracture is one which should not be 


The central area of the palm contains a triangular zone which is poorly vascularized. 


ARTERIAL VASCULAPIZATION OF SOFT TISSUES OF THE HAND 


trusted to the surgeon in training without supervision. 


SUMMARY AND CONCLUSIONS 


Because of the paucity of blood vessels, extensive undermining of this flap may invite 


Fia. 3 
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delayed wound healing or frank necrosis. Appreciation of this important anatomical 
weakness has led the authors to adopt the principles of limiged undermining of the skin 
and subcutaneous tissue of the palm or, following undermining of an extensive degree, the 
primary excision of non-viable marginal tissue and coverage by skin grafts or pedicled 


flaps 


Nore: The thorium dioxide in the form of Thorotrast and Umbrathor was supplied through the courtesy 
of the Heyden Chemical Corporation, New York, N. Y 
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DISCUSSION 


Cysts 


Continued from page 1237) 


when the knee is extended, helps to entrap some of this fluid within the bursa; however, the fluid within 
Perhaps it is altered by stagnation or by some local process 


the bursa is not characteristic of joint fluid 


within the bursa itself 
I would like to ask the author how many cases of synovitis of the knee joint he has seen in which 


he has felt that the synovitis was secondary to disease within the bursa. The intra-articular lesion is present 


in a significant number of cases of popliteal cyst. Joint effusion usually is present in these cases. In fourteen 
of one hundred consecutive cases in which a popliteal cyst was removed at the Mayo Clinic, rheumatoid 


arthritis was present, and the cyst was felt to be secondary to the rheumatoid arthritis or perhaps due to 
In an additional 12 per cent. of the cases, the patients had 


similar synovial change within the bursa itself 
intra-articular disease of one form or another. The cyst was associated with a tear in the meniscus in only 
the meniscectomy was done at the same time the bursa was removed; 


two patients In one of these cases, 
in the other, it was done four months later. Perhaps we are missing the diagnosis preoperatively or are not 


recognizing the fact that the patient is not cured after the removal of these cysts. Dr. Childress has put 
and 3 are very convincing. One should remember what Dr. Childress has 


us on our mettle. His Cases 1, 2, 
said. I have enjoved hearing his presentation and the pertinent observations he has made. I have a personal 


interest in his remarks because the result of a ‘‘duck-waddle”’ test on my left knee has been positive. I 


shall diligently watch for the development ol my popliteal cyst. 


Dre. Curpress (closing): I wish to thank Dr. Bickel for his remarks. In answer to his question con- 
cerning a joint reaction secondary to the cyst | would say that such would be most unusual. My contention 
is that the primary lesion is usually within the knee when the cyst is associated with a joint effusion. Watson- 
states that a lesion of the posterior medial meniscus is often overlooked. Since one often finds that 


Jones * 
for which he searches, I will wager that there will be more than two instances of meniscal injuries in the 


next hundred popliteal cysts excised at the Mayo Clinic 
In describing the “duck-waddle” test, one might say that it is a weight-bearing McMurray sign. It 


is a common conditioning exercise for football players and is rather strenuous. One squats down and then 
waddles back and forth and twists from side to side. If this can be done without pain or marked clicking 
1 will guarantee that the posterior portion of the medial meniscus is normal. The diagnosis 
Four signs have been listed which 


at the joint 
of this lesion is not made by one test but is a matter of judgment 


I feel certain are reliable in pointing out this condition 


3, p. 714. Baltimore, The Williams and 


* Warson-Jones, Recinacp: Fractures and Joint Injuries. Ed. 
Wilkins Company, 1946 
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ECHINOCOCCUS DISEASE OF BONE 


Report oF A Case 


BY MAJOR DAVID ©. KELLSEY, Medical Corps, United States Air Force 


AND MAJOR HARRY F. SPROAT, Medical Corps, United Stales Army 


From the Orthopaedic Service, Brooke Army Hospital, Fort Sam Houston, Texas 


Although the reported incidence of bone infection with Taenia echinococcus is only 
0.5 to 1.5 per cent.'24°"°) there are many individual case reports in the English- 
language literature and a few reviews of the clinical course of the disease. The authors 
are reporting a case observed in Brooke Army Hospital, Fort Sam Houston, Texas, be- 
tween December 1952 and April 1953. During our perusal of the available literature we 
have failed to find any reports which included as complete a pathological study as this 


present report*. 
Experience with echinococcus disease of bone in the United States has been extremely 


limited, because up to the present time only ten cases have been reported which were 
studied on the North American continent! "617.1519 The largest series of collected 
cases of echinococcosis (irrespective of organs or tissues involved) studied on this continent 
totals 482". Only twenty-three of these cases apparently occurred in native-born 

the rest, more than 95 per cent., occurred in immigrants. The present patient, although 
studied in the United States, apparently acquired the disease in Puerto Rico. 


PATHOLOGY 


Man, although a relatively uncommon intermediary host, may be infected by the 
ova-containing excreta of dogs. This is more particularly seen in the great sheep-raising 


areas of the world. 

Within approximately three weeks from the time the embryos reach their definitive 
organ or tissue in the intermediary host, they develop into the larval or cystic form. 
The cyst consists of two coats, an external laminated layer and an internal nucleated 
germinal layer. The external laminated layer is surrounded by an adventitia thrown up 


by the host. 

Because of the architecture of osseous tissue, microcysts occur rather than the single 
large cysts which are commonly seen in the liver®. No regular adventitia is seen, but 
in places a pseudo-tubercular reaction may be noted. The hydatids infiltrate, destroy, 
and replace the bone they infest. Finally the cortex gives way, and extra-osseous signs 


of hydatid infestation become apparent. 


SKELETAL DISTRIBUTION 


The initial bone lesion may remain localized or extend to an entire bone. Ordinarily 
bones are first involved by arterial spread after the embryos have cleared the first two 
filters—the liver and the lungs. Howorth, basing his figures on the larger series in the 
literature, reported that the pelvis was involved in about 36 per cent., the spine in 18 
per cent., the femur in 17 per cent., the sacrum in 11 per cent., the humerus in 10 per 


cent., and the tibia in 9 per cent. 


ROENTGENOGRAPHIC CHARACTERISTICS 


There is an absence of both clinical and roentgenographic signs of hydatid infections 
of bone for a long period of time*. The first stage of bone involvement? consists in an 


* Dr. Lent C. Johnson of the Armed Forces Institute of Pathology concurred both in this belief and in 
the pathological diagnosis of the case. 


VOL. 36-A, NO. 6, DECEMBER 1954 124] 


i 


1242 D. C. KELLSEY AND H. F. SPROAT 


of the relatively well vascularized area of the epiphysis. The hydatid cysts 


invasion 
then spread along lines of least resistance. Examination of the roentgenograms at this 


stage may reveal multiple minute, rounded, cystlike spaces limited by thin trabeculae. 
Karly in the disease little periosteal bone develops and there is very little cortical ex- 
pansion. However, as a result of prolonged and clinically almost silent irritation, hyper- 
ostosis usually predominates over osteolysis*:'*"°. Thus, later in the course of the disease, 
a second stage of bone involvement is noted. Enclosed cystic areas within the development 
of a surrounding inflammatory osteitis appear. There is never any sharp demarcation 
between the normal and the diseased areas; this is a helpful fact to remember in making 
a differential diagnosis. As the disease advances, the cortex finally becomes thinned by 


increasing internal pressure and pathological fractures may occur. 


DIFFERENTIAL DIAGNOSIS 


ROENTGENOGRA PHL 
During the first stage of bone involvement, the disease may be mistaken for such 
rarefying bone lesions as osteosarcoma, giant-cell tumor, von Recklinghausen’s disease 
(osteitis fibrosa cystiea), vertebral angioma, or monostotic Paget’s disease. During the 
second stage of bone involvement, the disease may be confused with osseous tuberculosis 
and with lues 

In osteogenic sarcoma the distinguishing feature is the presence of the 
appearance about the periosteum. In giant-cell tumor there is a sharp boundary between 
normal and diseased bone. The multiple involvement prevalent in von Recklinghausen’s 
disease, together with blood-chemistry studies, serve to differentiate this condition. 


‘sun-ray”’ 


There is a marked roentgenographic similarity between vertebral angioma and vertebral 
echinococcosis 

Monostotic Paget's disease may be differentiated if an increase in the serum phospha- 
tase is found 

As the disease advances, progressive hyperostosis results and in its second stage 
the condition may thus become confused with tuberculosis or lues, but at this time clinical 
differentiation can be made. An adequate biopsy offers the best solution to the problem. 


CLINICAL PICTURE 
When bone is involved, a vaguely rheumatic picture may occur" which precedes by 
several years the rupture of the cysts through the cortex. Pathological fracture may be 
the presenting symptom. 

Vertebral lesions may result in signs and symptoms of cord compression. Following 
rupture of the hydatid cyst through the cortex, the contiguous soft tissues become in- 
volved Secondarily, osteomyelitis commonly appears. 

If it is decided to perform a biopsy of the lesion or to puncture a cyst, particularly 
one of extra-osseous nature, it should be remembered that peculiar anaphylactic mani- 
festations may result. It is believed that these are due to the sudden absorption of specific 
protein in a sensitized patient. Dew listed the following systemic complications which 
have been observed singly and in combination after rupture or puncture of an echino- 
coccus cyst: dyspnoea, cough, cyanosis, cardiac symptoms, agitation, pyrexia, urticaria, 
pruritus, vomiting, delirium, pulmonary oedema, and dilated pupils; occasionally, sudden 
death may occur 
LABORATORY DIAGNOSIS 
The Casoni skin sensitivity reaction, in which treated cyst fluid is used as the antigen, 
is reliable and is reputedly positive in 95 per cent. of cases*. False positives may occur". 
The complement-fixation test of Weinberg is slightly more complicated, but in doubtful 
cases it may help to establish or to support a diagnosis of echinococcus disease of bone. 
It is positive in approximately 90 per cent. of cases. Precipitin tests are available, but 
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they are much less reliable. Eosinophilia is present in active hydatid disease, with levels 
of about 5 per cent. of the differential white -blood-cell count. 


TREATMENT 
It is reported® that excision proves to be the best treatment. However, there are 
attendant risks, such as anaphylaxis and possible further implantation of the hydatids. 
Amputation well above the site of the lesion has been practised. Local excision followed 
by packing the cavity with bone chips has been done in one case’, with a good result. 
Capurro and Pedemonte substituted an entire femur from a fresh cadaver for one in their 
patient which was completely involved with hydatid disease. Another alternative might 
be the fashioning of a humerus of Vitallium to replace the one completely involved by 
echinococcus infestation. Although the authors have had no experience with so ambitious 
a prosthetic device, they feel the approach of Capurro and Pedemonte would be more 
satisfactory if it is desired to consider a procedure aimed at preserving the extremity. 
There is no known specific treatment for the disease. That which is available is 
palliative or only locally effective rather than systemically effective. It was not felt 
at the time the authors’ patient was originally undergoing study that any of the methods 
listed were particularly applicable. Shoulder disarticulation would have eradicated the 
local disease, but, as the patient was asymptomatic and had no interference with function, 
this method did not appeal to him or to us. The question of hidden involvement elsewhere 
in the body must be considered, for isolated bone 
involvement in a primarily systemic disease is 
rare'?4.9!°5) Thus the problem is most complex 
and has not been satisfactorily settled. 


Fia. 1 Fic, 


Fig. L: (Br, 11222—4.) Roentgenogram, made before operation, was enlarged to show the appear- 
ance of echinococcus disease in the distal end of the humerus, 

Fig. 2: (Br. 11222-1.) Roentgenogram, made at Rodriguez Army Hospital early in June 1953, illus- 
trating the degree of involvement 
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CASE REPORT WITH DISCUSSION OF PATHOLOGICAL FINDINGS 


k.. B., Brooke Army Hospital, No. 2922046, was a fifty-year-old Puerto Rican with twenty-three years 
of service in the regular Army. He had spent his youth working with sheep in the area around San Juan, 
Puerto Rico. His overseas service from his home territory of Puerto Rico had included a tour of duty in 
Panama in the 1920's and a brief tour of duty in France in 1952. 

Present history: He had been initially hospitalized at the United States Army Hospital, La Rochelle, 
France, on November 10, 1952, because of complaints of a vague, generalized, dull aching pain and a feeling 
of diminished strength in the left arm and elbow of three weeks’ duration. He also had had complaints of 
mild exertional dyspnoea for two months prior to hospitalization. He had no other complaints. Because 
of right bundle-branch block, mild decompensation, and a peculiar roentgenographic appearance of the 
left humerus, originally interpreted as possible osteitis deformans, he was evacuated through medical 
channels to the United States, arriving at Brooke Army Hospital, Fort Sam Houston, Texas, on December 
31, 1952 
Physical examination on admission: His cardiac condition had been adequately treated before his arrival 
in the Zone of the Interior. There were no palpable enlarged abdominal viscera. The only positive finding 
was the examiner's impression that the left humerus felt wider, by palpation, than the right. The patient 
had no complaints veferable to the left arm on his arrival at Brooke Army Hospital. 

Laboratory examination: The patient showed persistent eosinophilia, between 3 and 6 per cent. Urinalysis 
and serological studies were negative 

Total protein 7.03 milligrams per 100 cubic centimeters 
The ratio of albumin to globulin was 2 to 1. 
11.6 milligrams per 100 cubic centimeters 


Serum calcium 
2.0 milligrams per 100 cubic centimeters 


Inorganic phosphorus 
Alkaline phosphatase 6 to 8 Bodansky units 


Liver-function tests gave normal findings. The stools showed rhabdoform larvae of Strongyloides stercoralis. 
The complement-fixation test for echinococcus was negative. An electrocardiogram revealed complete right 


bundle-branch block 


Although the complement-fixation test for echinococcus was negative, the intradermal 
test of Casoni was not carried out. This was due to the inability of the authors to procure 
the necessary antigen for the test during the time this case was available to them for 
study. Another possibility, the test of Culbertson and Rose, utilizing the antigen of a 
related cestode, Dipylidium caninum, as reported by Howorth, was unfortunately over- 
looked by the authors while this patient was under their control. 


Roentyenographic examination: Chest roentgenograms revealed dilatation of the aorta, slight enlarge- 
ment of the cardiac shadow, and increased pulmonary markings. Roentgenograms of the left’ humerus 
revealed a thiekening of the cortex and multiple areas of radiolucency. The entire humerus was involved 
(Figs. | and 2). The skeletal survey was negative. 

Course in hospital: A biopsy was performed on the distal five centimeters of the left humerus through 
t posterior triceps-splitting approach on January 29, 1953. A block of bone, 1.0 centimeter square, with 
marrow attached, was cut and fragmented badly upon removal. The bone was a dirty, streaked, gray color 
and the fragments felt extremely gritty. The patient made an uneventful recovery. He lost no muscle power 
or range of motion and needed no physical therapy. He was transferred to a United States Army Hospital 


in Puerto Rico for final administrative disposition. 
No drug therapy was attempted at Brooke Army Hospital, as no drugs now known 
are efficacious in this disease. As the patient was completely asymptomatic and the finding 
of osseous hydatidosis was an incidental one, we did not feel we should urge him to undergo 
disarticulation at the shoulder, although this seemed to be the only solution if we hoped 
to prevent extra-osseous spread of the echinocoecus infection in the future. 

When he left this Hospital, no laboratory, roentgenographic, or physical evidence of other areas of 
echinococcus infection were demonstrable. A follow-up report from Rodriguez Army Hospital, San Juan, 
Puerto Rico, in October 1953, stated that he still had no obvious systemic or local spread and was in good 
health 


Vicroscopic examination 
eosin stain being used. Microscopically the picture was that of many microcysts which partially occupied 


the marrow space of the bone and appeared within the lacunae (Fig. 3). The remainder of the marrow 
apace was made up of fibrous tissue with marked lvmphoeytice infiltration (Fig. 4). Occasionally foci of 
granulomatous inflammation with multinucleated giant cells were noted (Fig. 5). The cyst wall consisted 


Multiple sections were prepared from the bone fragments, hematoxylin- 
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(Br. 11222-3.) Photomicrograph (X 437) showing pyramidal architecture with maturation. 


Fic. 8 


(Br. 11222-2.) Photomicrograph ( 650) showing pyramidal architecture with maturation. 


of a pale acidophilic material which was non-refractile and appeared somewhat collagenous in nature 


This wall varied in thickness and occasionally appeared faintly layered (Fig. 6). External to the eyst wall 
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an inflammatory-cell infiltrate was noted, which consisted principally of lymphocytes, some plasma cells, 
ind « rare eosinophil. Occasionally a rim of epithelioid cells was noted adjacent to the cyst wall. Vascularity 
was not notable. On the inner aspect of the cyst wall there was generally a single-cell layer, varying from 
cells which exhibited seanty cytoplasm to cells which appeared somewhat columnar, with foamy, faintly 
pink-staining cytoplasm. Occasionally throughout the section reviewed there appeared to be an area which 
exhibited foeal piling-up of the basal layer of cells into a somewhat pyramidal architecture (Fig. 7). At 


the apex of this pyramid the cellular elements were increased in size and stained more deeply. These cells 


were rounded and exhibited as many as four nuclear masses which stained a deep blue. The cytoplasm stained 
magenta. The edge of the cell which remained in-contact with the pyramid appeared to have a pedicle-type 
ittachment (Fig. 8). Microscopically the appearance was that of a microcystie process with an internal 
germinating layer consistent with hydatid disease of bone. The reaction of the bone to this process appears 


to be that of pressure atrophy 
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BILATERAL TRAUMATIC POSTERIOR DISLOCATION OF THE HIP 
COMPLICATED BY BILATERAL FRACTURE OF THE FEMORAL SHAFT 


Report or A Case 


BY ALVIN J. INGRAM, M.D., AND THOMAS ©. TURNER, M.D., MEMPHIS, TENNESSEE 


From the Campbell Clinic, Memphis 


The combination of bilateral traumatic posterior dislocation of the hip and bilateral 
fracture of the femoral shaft has not been reported previously, so far as the authors know. 


This case is presented for this reason and because of the excellence of the result from 


treatment. 


CASE REPORT 


This seventeen-year-old white male was first seen on November 24, 1951, approximately five hours 
after the automobile in which he had been riding in the right front seat was struck head on by another 


vehicle. The patient had been driven forward by the impact, so that his knees had struck the dashboard, 


and then his body had been thrown through the right front windshield. 
Upon arrival at the Clinic, he was somewhat disorientated and was in mild shock, but he was conscious 


In addition to the mild cerebral concussion, multiple contusions and abrasions, he was found to have sustained 


bilateral posterior dislocation of the hip and bilateral fracture of the femoral shaft. The closed fracture of the 
left femoral shaft was in the proximal portion of the middle third, while on the right the fracture was open, 
the proximal fragment penetrating the skin through a pin-point opening at the junction of the middle and 


distal thirds of the femoral shaft. 
It was noted that he was unable to actively dorsiflex the left toes or ankle. Thomas splints were applied 


bilaterally, and the patient was admitted to the Hospital, where he was treated for shock and examined for 


the head injury. 
Approximately twelve hours after the injury, the patient was anaesthetized and manual reduction of 


the dislocated hips was attempted without success. 
Therefore, another method of manual reduction was tried. A large Steinmann pin was inserted through 


the left greater trochanter in an 


anteroposterior direction (Fig. 1). — 
Large vice-grip pliers (Fig. 2) were oil 

then clamped to the Steinmann pin j 

anteriorly and posteriorly at the 
skin edge. Skeletal traction with this 


device was instituted with the proxi- 


mal fragment in a position of flexion 


and adduction. While an assistant 


stabilized the pelvis by manual 


pressure on the iliac crests and an- 


terior superior iliac spines, the sur- 


hia. | 
Showing Steinmann pin in position. 


geon effected the reduction by strong 


manual traction on the proximal 


fragment in the position of flexion 


and adduction for approximately 


five minutes. The reduction was ac- 
complished with an audible snap, 


and the joint was stable after re- 
duction, by clinical and roentgeno- 
graphic examinations. The Stein- 


mann pin was then cut at the pos- 


terior skin edge, a drill was attached 


to the projecting anterior end of the 


Steinmann pin, and the pin was 


removed in the usual manner. The Fic, 2 


same procedure was then carried out Vice-grip pliers. 
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Shows posterior dislocation of both hips 


on the right hip with suecessful reduction after two or three minutes of manipulation and traction. 
Both lower extremities were then immobilized in balanced suspended Thomas splints with the hips in 
extension and abduction. The patient’s course after this procedure was entirely satisfactory. After his sen- 
sorium had cleared, it was apparent that there was an incomplete paralysis of the left sciatic nerve which had 
undoubtedly been present since the time of the injury 

It was decided that medullary nailing would be the most satisfactory treatment for both femoral frac- 
tures. Therefore, on the sixth day after the injury, medullary nailing was performed on the left, followed on 
the eighteenth day by medullary nailing on the right, clover-leaf nails being used on both femora. Ten days 
following the latter operation (a total of twenty-eight days after the injury the patient was discharged to. 
his home on a program ol non-weight-bearing exercises to strengthen the musculature and to mobilize the 
joints of both lower extremities. Three months following injury, it was noted that the femoral fractures were 
healing satisfactorily but that there had been no significant improvement in the incomplete paralysis of the 
left sciatic nerve. Exploration of the sciatie nerve was advised, but this procedure was refused by the patient 
and his family 

He was fitted with crutches and a drop-foot ankle brace for the left leg and was instructed in a “swing 
through” erutch gait. He was allowed full weight-bearing without crutches at six months. The medullary 
nails were removed fourteen months after the injury j 

Twenty-one months after injury, the patient had regained complete range of motion in both hips and 
knees (Fig. 6). The only source of disability was the incomplete paralysis of the left sciatic nerve, for which 
he had refused surgical intervention. The femoral fractures were solidly healed in excellent position. 

Roentgenograms (Figs. 5-A through 5-i) of the hip revealed no arthritic changes and no avascular ne- 
crosis of the femoral heads. There was slight periarticular calcification in the area of the right hip, which was 
asymptomatic, The extremities were equal in length, and he had been walking without support or a brace and 
engaging in essentially normal activities for several months. 

Thirty-two months after the injury, the hips continued to be asymptomatic. 


DISCUSSION 


Key and Conwell estimate that dislocation of the hip accounts for between 2 per cent. 
l 


and 5 per cent. of all dislocations. In three large series ?:'?:.' of cases of dislocation of the 


hip, simple dislocation of the femoral head was found to have occurred in between 21 per 
cent. and 46 per cent., the remainder being associated with fracture of the femoral head 


or the acetabulum. In 1936, Marquardt reviewed the entire world literature and found 
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Fia. 3-B ia, 3-C Fig. 4-A Fic. 4-B 


Fig. 3-B: Fracture of the right femoral shaft at the junction of middle and lower thirds, which was 
open, the proximal fragment penetrating the skin through a pin-point thigh wound. ‘ 
Fig. 3-C: Closed fracture of the left femoral shaft at the junction of the upper and middle thirds. 


Figs. 4-A and 4-B: On the sixth day after injury, medullary nailing was performed on the left side 


(Fig. 4-B), followed by the same procedure on the right side (Fig. 4-A), eighteen days after injury, The 
fractures healed uneventfully, and the nails were removed fourteen months after injury. 


only fifty-three cases of bilateral traumatic dislocation of the hip. A few cases ':?.4.5.11.16 
have been added to the literature since, but in none has there been associated fracture of 
the femoral shaft on either or both sides. Peterson reviewed the literature and found a 
total of thirteen dislocations of the hip complicated by fractures of the femoral neck; 
to this number he added reports of two cases of his own. Riggs and Slocum have reported 
a case of dislocation of the hip complicated by intertrochanteric fracture. Dehne and 
Immermann reviewed twenty-six reported cases of dislocation of the hip complicated by 
femoral-shaft fracture on the same side and added sixteen cases to the literature on the 
subject. In no published case did the combined injury occur bilaterally. In approximately 


50 per cent. of the cases, the hip dislocation was overlooked at the initial examination, 


and in some cases the diagnosis was not established for several months after injury 
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hia. 5-A 
toentgenogram of the hips made twenty-one months after injury revealed no evidence of avascular 
necrosis of the femoral heads and no arthritic changes. There was some periarticular calcification about 


the right hip which was asymptomati 


This combination of injuries is caused by two rapidly successive traumata according 
to Henry and Bayumi. In the case reported here, it is likely that the bilateral dislocation 
was sustained when the patient’s knees were driven against the dashboard of the auto- 
mobile, and the femoral fractures were produced a moment later when his body was 
thrown through the windshield of the automobile by momentum. 

This combination of injuries should be suspected when the proximal fragment of a 
femoral-shaft fracture is fixed in a position of flexion and adduction, when there is a mass 
palpable in the buttock, or when the femoral-shaft fragments fail to align upon applica- 
tion of traction. Roentgenographic examination of the hip joint establishes the diagnosis. 

Recent authors have shown conclusively that promptness of reduction of traumatic 
dislocation of the hip is the greatest determining factor in the results. Thus, the sooner the 
dislocated hip is reduced, the better the result is likely to be. The longer the hip is left 
unreduced, the greater the incidence of avascular necrosis and traumatic arthritis. For 
this reason, primary consideration in treatment of a dislocation of the hip associated with 
fracture of the femoral shaft is prompt reduction of the dislocation. Definitive treatment 
for the femoral fracture can be delayed without jeopardizing the result, as is demonstrated 


in this case 
It is generally agreed that closed reduction is more easily accomplished if it is done 


early than if it is done late, and also that the results following closed reduction are better 
than those following open reduction. When the dislocation is complicated by a fractured 


femur, manual manipulative methods have been unsuccessful in the majority of reported 


cases, Skeletal traction through the distal portion of the femur or proximal portion of the 
tibia is usually unsuccessful also. Successful attempts at closed reduction usually have 
utilized some form of skeletal traction applied to the proximal fragment, either by closed 
methods or by exposing the proximal fragment without opening the hip 
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Fic. 5-B 5-C Fic. 5-D Pia, 
Twenty-one months after injury, roentgenograms of both femoral shafts revealed solid union 
with no evidence of infection. 


Dehne and Immermann reported an unsuccessful attempt in which lion-jaw forceps 
were applied to the exposed proximal fragment for traction and manipulation. 

Henry and Bayumi used a variation of this technique of open exposure. Through an 
incision exposing the hip joint and including the femoral shaft, a strong wire was attached 
to the proximal femoral fragment through a hole made in the distal end, and traction was 
exerted while manipulation was being carried out. The dislocation was successfully 
reduced 

From the case presented here, as well as that of Wiltberger, Mitchell, and Hedrick, 
it appears that many such dislocations with associated femoral fractures may be suc- 
cessfully reduced soon after injury by the closed method of skeletal traction on the 


proximal fragment. These authors applied a two-pin, external skeletal-fixation apparatus 


to the proximal fragment to which they attached a section of pipe in the axis of the femoral 
shaft. Traction and manipulation by means of the Bigelow technique resulted in satis- 
factory reduction. 

_ The technique used in the case presented here was very simple in that a single Stein- 
mann pin was introduced in an anteroposterior plane through the greater trochanteric 
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region in the proximal frag- 
ment. The use of large gripper 
pliers on the Steinmann pin 
facilitated traction and ma- 
nipulation of the proximal 
fragment. It should be em- 
phasized that a strong Stein- 
mann pin must be used, since 
one attempt with a smaller, 
less rigid pin resulted in its 
bending. The application of 
skeletal-traction apparatus 
directly to the proximal! frag- 
ment, without exposing the 

scuure site without 
opening the hip, is a method 
which has obvious advan- 


tages and which can be at- 
tempted easily before more 


drastic means are utilized. 
After reduction of the 
dislocation has been achieved, 


attention can be directed to 
treating the fracture of the 
femoral shaft. In most of the 
cases previously reported 
either skeletal traction or 
open reduction with plate 
fixation has been used. In a 


Fia. 6 few of these cases, bone grafts 
Photographs taken twenty-one months after injury demonstrate have been applied primarily. 


complete range of motion in both hips and equal lengths of the lower . 

extremities. The only residual disability was incomplete paralysis of | Both of these procedures 

the left sciatic nerve with mild drop-foot which did not require the have been associated with a 


use of a brace ‘ 
fairly high incidence of non- 


union or delayed union, as well as with joint stiffness from prolonged immobilization. 

According to Speed, Stewart, and Milford '', who surveyed 128 hip dislocations, there 
is no need for prolonged immobilization of the hips. On the contrary, it appears that early 
motion in the hip joint is desirable to restore maximum function to the hip joints as well 
as to the knees. The use of medullary nails in both femora accomplished that purpose in 


this case. 


CONCLUSIONS 


The case reported exhibited bilateral posterior dislocation of the hip associated with 
bilateral fracture of the femoral shaft. It is believed to be the only such recorded case. An 
excellent result was obtained following closed reduction of the dislocated hips and see- 


ondary open reduction and medullary nailing of the femoral fractures. 
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ACTINOMYCOSIS OF THE HUMERUS 


BY L. J. MCCORMACK, M.D., J. A. DICKSON, M.D., AND A. R. REICH, B.S., CLEVELAND, OHIO 


witnessed by the collection of 670 cases by Sanford and Voelker as early as 1925, few 


From the Departments of Pathology, Orthopaedic Surgery, and Clinical Pathology of the 
Cleveland Clinic Foundation and the Frank FE. Bunts Educational Institute, Cleveland 


Although medical literature contains numerous references to actinomycosis, as 


cases have been reported which do not primarily involve the cervicofacial, thoracic, or 


abdominal regions of the body. Classification of cases of this disease has been based upon 


infection of these three areas. 


However, unusual forms of human actinomycosis do occur. Primary involvement of 


the skeletal components of the extremities has occasionally occurred, and this form has 
been the subject of two types of reports. Cases of actinomycosis diagnosed by histological 
study and without culture are represented by the reports of Burrows and Davies. In 
contrast, Shelton, Garber, and Smith thoroughly studied a case of culturally proved 


actinomycosis of the knee joint. 


suspected on frozen-section examination. 


Clinical Features 


In the report to follow, presented with culture studies, the diagnosis was initially 


REPORT OF A CASE 


A white man, forty-four years old, entered the Cleveland Clinic in March 1952 with a history of insidious, 


dull, progressive pain in the right arm of three months’ duration which had become constant: it was relieved 


by heat and aggravated by movement. His hand was swollen and he was unable to close it. 
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Positive physical findings were limited to the right upper extremity. The skin was somewhat mottled, 
warm, firm mass was present over the anterolateral surface of the mid-shaft of the right 


and a tender 
humerus. The movements of the shoulder were restricted by muscle spasm. 

Roentgenographic examination of the right humerus revealed the medullary cavity in the mid-shaft 
of the humerus to be widened and irregularly radiolucent. Soft tissues about the region were swollen (Fig. | 


In the right upper lung field, there was some increase in bronchial and vascular markings. There was a sug- 
gestion of a localized infiltrating lesion, involving the base of the right upper lobe in its mid-portion, asso- 
A comparison of chest roentgenograms with those made a year previously 


elated with hilar adenopathy 


revealed no change 
Laboratory examination revealed: 


11.8 grams per 100 milliliters 
9,050 per cubic millimeter 

82 milligrams per 100 milliliters 
1.5 Bodansky units 

1.3 millimeters per minute 


Hemoglobin 

White blood cells 

Blood sugar 

Alkaline phosphatase 

Sedimentation rate (Rourke-lcrnstene 
A biopsy was performed to clarify the diagnosis, as a question existed as to whether the lesion were 


inflammatory or neoplastic. The lesion was saucerized as a result of the frozen-section findings. 


Pathological Be atures 
The tissue removed was firm, gray, somewhat translucent, and contained several small, yellowish foci, 
"in a sea of leukoctyes and macrophages (Fig 


\ frozen section demonstrated the presence of a “ray fungus’ 
\ tentative diagnosis of actinomycosis was made, Gram stains of the fixed tissue demonstrated ray forms 


9 


with a pink-staining tangled mass of central fibers (mycelia) and a blue-staining peripheral margin of “clubs”’; 
a pure culture 


acid-fast stains were negative. The material was cultured both aerobically and anaerobically; 
The organism grew as small, white, fluffy, discrete colonies only in the 
Some of the colonies grew to a diameter of one 


of an Actinomyces was isolated 
anaerobic portions Of thioglycolate broth tubes (Fig. 3 

millimeter. Both the original isolation and the subsequent 
orgeaism to become 


transplants required four days for the 


visible macroscopically in thioglyeolate broth. tryptose- 


proteose-peptone agar plates containing | per cent. dextrose, 


Fig. 
Roentgenogram of right humerus, showing irregular destruction of the shaft. 
"are prominent. 


Fig. | 
Fig. 2: ‘Ray form” present in tissue removed at biopsy. The peripheral ‘clubs’ 
Gram stain ( 575) 
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Fig. 3 Fig. 4 
Fig. 3: Thioglycolate-broth culture. Note absence of growth in aerobic portion (top) of tube. 
Fig. 4: Roentgenogram of the humerus made eighteen months after Fig. 1. Note the healing that has 
occurred. 


the organism, incubated anaerobically, slowly formed minute, faintly yellow, round, smooth, opaque colonies 
which did not penetrate the medium. The organism fermented only glucose and fructose from fructose, 
glucose, galactose, maltose, mannitol, lactose, sucrose, raffinose, and xylose. It was not proteolytic. Growth 
was inhibited in medium containing 0.024 units of penicillin per milliliter. 

Massive penicillin therapy was instituted, and the patient received penicillin both as a catheter irrigation 
into the area of saucerization within the humerus and parenterally. He received a minimum of 1,200,000 
units of systemic penicillin daily for a period of seventeen days, by which time his operative wound had 
closed completely. He was maintained on depot penicillin and received intramuscular injections at least 
twice weekly. The total penicillin dosage was 34,800,000 units. He also received sixty drops of a saturated 
solution of potassium iodide in divided doses daily for almost four months. The patient has now been asymp- 
tomatic for almost two years. Roentgenograms made at the end of eighteen months showed an apparently 


healed lesion (Fig. 4). 
COMMENT 


Several problems were encountered in the diagnosis of this patient’s disease. In 
the most recent edition of Bergey's Manual of Determinative Bacteriology, the Actinomyces 
have been divided into the species bovis, chiefly pathogenic for animals, and the species 
isracli, chiefly pathogenic for man. The differentiating features predominantly coneern 
colonial morphology: the bovis strains form a smooth colony and grow diffusely with the 
liquid medium: the ¢sraeli group develop a tough rugate colony which grows into the 
solid medium and forms a discrete growth in liquid medium. Thompson has recently 
studied several strains from both human and animal sources and has concluded that they 
were distinct species. Within limits, this particular organism seems to blend the morpho- 
logical differences. In liquid media, it followed the growth pattern of Actinomyces israeli, 
but the colonial morphology was that of Actinomyces bovis. We have assigned a greater 
value to the appearance of this organism in solid media in classifying it as Actinomyces bovis. 
Whether or not this lesion represents primary actinomycosis of the humerus is another 
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problem. The changes shown in the roentgenograms of the chest suggested the possibility 
of a primary involvement of the lung. However, the chest lesion was relatively minimal, 
with static findings for at least a year prior to development of the bone lesion. The patient 
could produce no sputum on numerous occasions, and cultures of gastric washings were 
negative. Clinically, the disease manifested itself only as an osteomyelitis. 

The initial recognition of the organism in frozen sections of the lesion greatly sim- 
plified the problem, although recognition of such a ‘“‘ray”’ form only is an inadequate 
basis for the positive diagnosis of actinomycosis. Weed, Baggenstoss, and Baugher have 
demonstrated that other organisms, such as Cephalosportum, can mimic the formation of 
“ray” forms in tissue; occasionally no organisms can be cultured. In this particular 
instance, frozen-section examination provided information that prevented tissue fixation 
prior to adequate bacteriological studies. The often repeated statement that frozen 
sections are of little value in the diagnosis of bone lesions is false. In this particular case, 


rapid diagnosis at the time of operation provided a means of ensuring proper preservation 


of material necessary for adequate study. A histological diagnosis alone in such cases 
could be erroneous as to the exact nature of the offending organism. Therapy under such 
conditions might be poorly planned. The knowledge of the sensitivity of this organism to 
penicillin proved invaluable. 
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SYMPOSIUM ON CRIPPLED CHILDREN’S SERVICES * 
\LFRED R. SHANDS, JR., M.D., WILMINGTON, DELAWARE, Chairman 


Many of you undoubtedly have wondered why this Symposium on the services of the 
crippled child has been included in the program for the Annual Meeting of The American 
Orthopaedic Association. The reasons for this are three: (1) the wish of your Joint Com- 
mittee on the Public Care of the Crippled Child to present at a national meeting a discus- 
sion of some of the problems of the services for crippled children; (2) the desire of the 
Committee to bring representatives of the Children’s Bureau into closer touch with the 
orthopaedic surgeons who are working with crippled children; and (3) the exceptionally 
deep interest in the problems of the crippled child which your President has had since 
1937 when he became Medical Director of the Nemours Foundation, the work of which 
is entirely with handicapped children. 

We are very honored and indeed fortunate to have at this meeting Dr. Martha M. 
Eliot, Chief of the Children’s Bureau, as well as Dr. Arthur J. Lesser, Director of its Medi- 
cal Services Division. It was thought that we should also have on this program a presenta- 
tion of a good State plan in operation; so we have asked Dr. Herbert R. Kobes to come 
from Illinois. He is the director of one of the best State programs in the country. 

Since there were to be foreign guests at this meeting, it was thought most appropriate 
to have the crippled children’s services in their countries presented. So we have Mr. 
Mercer from Scotland, Mr. Malkin from England, and Dr. Garofalides from Greece as 
participants in this Symposium. 

For some time many of us have felt that there should be a clearer interpretation 
to the orthopaedic surgeon of the rehabilitation of the whole child. This concept has been 
gradually developing during the last three decades and represents a great deal more than 
medical and surgical treatment. Out of this conference should come a comprehensive 
idea of this concept, as well as a better realization of our responsibilities to the crippled 
child. One of our distinguished members in discussing this problem recently said that 
it was time for the orthopaedic surgeon to realize that, if he is going to work with crippled 
children, he must be a sociologist, a psychologist, and a social worker. How many of us 
can qualify as such? It is my feeling that the answer is: ‘‘ very few”’. 

| hope that many of you will ask questions and take part in the discussion. Un- 
fortunately, Dr. Eliot has to leave early; so, after she has finished, there will be a short 
discussion period, so that any of you who wish to ask her questions may do so. 

In addition to the main speakers on the program, it was thought appropriate to have a 
word from one or two of the older members of our Association who have been working 
over the years for better crippled children’s care; so we have asked Dr. George E. Bennett 
and Dr. A. Bruce Gill to speak. For many years Dr. Gill was Chairman of the Joint Com- 
mittee on the Publie Care of the Crippled Child, of which Dr. Green is now Chairman. 
Dr. Bennett was one of the original group who advised Dr. Martha Eliot in 1935 concern- 
ing the setting up of a program for the orthopaedic care of the crippled child in the Chil- 
dren’s Bureau. I will call on Dr. Bennett to say a word first and to introduce our distin- 


guished speaker, Dr. Martha Eliot. 


DR. GEORGE E. BENNETT, BALTIMORE, MARYLAND: 


As Dr. Shands was speaking about the question of the broad preblem of the crippled 
child, I could not help feeling that back, way back, in 1910, 1911, and 1912, when I first 
* Presented at the Annual Meeting of The American Orthopaedic Association, Bretton Woods, New 
Hampshire, June 7, 1954. 
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joined Dr. Baer, there were many orthopaedic surgeons, he among them, who had a very 
broad point of view as regards the crippled child. I can recall very well that in one of our 
early talks he said, “‘ Bennett, there are three phases to this: the rehabilitation of the erip- 
pled child physically, the education of the crippled child, and the vocational training”. 
He said: “I think we've got to rehabilitate from the physical side; then will come the 
educational side: and then later, following that, will come the vocational training”’. 
There were a great many orthopaedic surgeons of the decade before us who were 
very much interested. This resulted in the development of two crippled children’s hospitals 
in Baltimore, The Children’s Hospital School and The Kernan Hospital, which have a 
sufficient bed capacity to take care of the crippled children of Maryland. The next move 
was also through Dr. Baer, in which the two schools for crippled children were developed. 
The last phase is that of vocational training —a problem which is still to be fully solved. 
In 1935 I received a call from Washington from Dr. Martha Eliot and Miss Lenroot 
to appear before the Ways and Means Committee and to put up arguments as to why we 
should have money for the Children’s Bureau for the care of crippled children. At a later 
date I was again consulted and was made a member of the original committee of advisors. 
The orthopaedic group consisted of Dr. Robert B. Osgood, Dr. Joseph A. Freiberg, Dr. 
Osear L. Miller, and myself. I have had the opportunity of working with the Children’s 
Bureau from the time it was organized. There were a great many problems to be worked 
out. Dr. Eliot and Miss Lenroot had a huge task in formulating the program and getting 
the ideas of all the people working on this problem. I think Dr. Eliot is to be congratulated 
for the excellent job she has done. It is a great pleasure to have the privilege of introducing 


her 


Tue Point or View or THE FEDERAL ADMINISTRATOR 


BY MARTHA M. ELIOT, M.D., WASHINGTON, D. C. 


| would like first of all to express my appreciation in behalf of the Children’s Bureau 
to you orthopaedic surgeons for the magnificent service you have been rendering to 
handicapped children under the public and private organized programs for very many 
vears. | know I do not need to refer to the devotion of the orthopaedic surgeons of this 
country, dating back many decades now, who laid the groundwork through voluntary 
efforts for the development of the public programs in the several States. [ remember well 
the enthusiasm with which some of you in 1935 supported in Congress the passage of 
Title V of the Social Security Act, which has enabled all of the States to develop and 
extend programs for crippled children. This afternoon I want to give you a brief account 
of our stewardship and also to discuss some of the wider aspects of the work that seem 
important to us 

In the early years of the administration of the Social Security Act, many of you who 
are here today helped us to formulate standards of care which have served to improve 
greatly the kind of orthopaedic care given in many communities. The Children’s Bureau 
was always deeply grateful for the time you gave in advising us and in developing and 
carrying out with the State agencies postgraduate activities to disseminate more widely 
the newer knowledge in orthopaedic surgery as it became available. As I think some of 
you know, we are looking forward to working with your Joint Committee with a view to 


putting into wider use some of the advances that are being made in the use of modern 
prosthetic devices. No doubt there will be still other ways of working together if we 


jointly seek them 
\s the programs move forward and new men and women come into the field, new 


ideas develop, new ways of accomplishing old objectives are found. Sometimes wholly 
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new concepts develop which illuminate the way ahead. The role of the Children’s Bureau 
is not to dictate, but to give leadership to the State agencies in getting new ideas, in find- 
ing the way to work them out, and in doing a better job all the time on the older aspects 
of their work with children. In all of this, the Children’s Bureau needs the help of technical 
experts like yourselves and of many other groups. 

Those of you who participated in the steps that led to the establishment of the 
crippled children’s programs under the grants to the States appreciate the considerable 
extension and the improvement in the programs which have taken place in the past 
eighteen years. You know, too, that the responsibility rests with the States for determining 
the types of crippling conditions which will be included, or, as the Act says, the ‘ condi- 
tions that may lead to crippling”. Though most of the States, as the State and Federal 
appropriations have increased, have extended their programs to groups other than the 
orthopaedically crippled, the latter still constitute by far the largest number (in 1952, 
over one-half) of children receiving physicians’ services under the programs. 

In terms of money expended by the States from Federal, State, and local sources, 
again much the largest proportion goes to the care of the orthopaedically crippled child 
and the child with cere! 
year period between 1940 and 1954 the Federal funds appropriated annually for crippled 


ral palsy. You may be interested to know that in the fourteen- 


children’s programs increased about two and one-half times, while the State and local 
funds increased more than four times. The stimulating effect on States and localities of 
Federal contributions to the public program has been very great. In this fiscal year, 
1954, more than $40,000,000 will be spent to care for crippled children. Of this, the 
Federal funds appropriated for crippled children’s services amount to $10,843,400. The 
States and localities are contributing $29,775,245, essentially three times as much as the 
Federal Government. The Social Security Act, as amended, authorizes the appropriation 
of $15,000,000. 

In this same general period, as you know even better than I, voluntary contributions 
to programs for the care of children with poliomyelitis and other crippling conditions 
have been enormous. With the increase in funds for the public program, there has been 
a steady increase in the number of children cared for, until, in 1952, 238,329 children 
came under care. The rising costs of care have, however, meant that the increase in the 
number of children receiving care has not been commensurate with the increase in funds. 

I have already pointed out that orthopaedic cases make up today over half of the 
total. In 1952, the second largest single diagnostic group of children cared for under the 
public programs was that of children with impairment of hearing. This group constituted, 
however, only 6.3 per cent. of the 238,329 children who received physicians’ services 
through the program. In view of the interest that I know some of you have expressed, I 
have included the list of major diagnostic groups in 1952. 


Per cent. 
Congenital malformations 21.5 
Bones and organs of movement 19.0 
Poliomyelitis 12.5 
Cerebral palsy 9.4 
Kar conditions 6.3 
Burns and accidents 5.5 
Rheumatic fever and heart disease 3.9 
conditions 3.2 
Epilepsy and other diseases of the nervous system 1.5 


The remainder (17.1 per cent.) includes a very small percentage each for tuberculosis 
of the bones and joints, birth injuries, and rickets, and, in addition, undiagnosed and 
miscellaneous conditions. 

A gradual increase in the number of children with other than orthopaedic handicaps 
who receive care has come about as a result of the increases in funds for the programs, 
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the interest of the Congress expressed in committee reports, and the considerable support 
given by parents, as well as by pediatricians and other medical specialists, to the inclusion 
of special types of crippling or handicapping conditions. The Children’s Bureau has 
encouraged the States to broaden their programs when they have found it possible to do 
so. However, actually it is only the orthopaedic and plastic surgery services that approxi- 
mate state-wide coverage today; the other types of service are still largely demonstration 
programs with very limited coverage. In addition to orthopaedic and plastic surgery, 
twenty-eight States include rheumatic fever demonstration programs; twenty-nine 
States, eye surgery; nine States, epilepsy programs; and fourteen States, service for 
children with impairment of hearing 

As the States have thus broadened their programs, new aspects of the problem of 
caring for such children have become evident. A number of State agencies define crippling 
in terms of those physical conditions which interfere with normal growth and develop- 
ment. Accompanying this is the concept that the degree to which a child is handicapped 
does not necessarily bear a close relationship to the extent of physical crippling. 

The psychological effeets of a handicap on a child and his family may be profound 
and often far out of proportion to the physical disability. The social problem that a 
handicap imposes on a child has long been recognized, but today, I am glad to say, both 
the social and the psychological aspects are better understood. The task of rehabilitation 
involves not only medical and surgical care but also a long period of learning by the 
child and his family of how to make the best of a difficult situation. 

Medical and surgical treatment is usually the first step in helping the child to develop 
physically to his fullest capacity and to make a satisfactory social and psychological 
adjustment. While the program of care must be carried out under the leadership of the 
physician, many of the services essential to the child’s satisfactory progress will be pro- 
vided by the physical therapist, the medical social worker, the nurse, or the special 
teacher. The degree of insight of such a group of workers into the emotional, as well as 
the physical, effects of disability on the child’s growth and development can make the 
difference between a handicapped but well adjusted child and one who is unable to make 
the psychological compensations necessary for a healthy personality despite maximum 
physical restoration. It is trite, perhaps, to say to a group such as you (but even so, I think 
it cannot be said too often) that teamwork among the staff is essential to optimal results. 
Likewise, we have to keep reiterating that the child himself and all his individudal prob- 
lems must be the focus of attention, rather than the crippling condition alone. 

The importance of prevention in the Crippled Children’s Program is emphasized by 
the very nature of long-term illness. While the means of preventing the onset of many 
long-term illnesses are still few, the opportunities for limiting the progression of disability 
and for minimizing the unhappy psychological effects on the child and his family are 
considerable. The importance of the parents’ role in reducing these effects of crippling has 
been given much greater recognition in recent years. 

If parents are to give their crippled child the support that he needs, particularly 
while he is receiving medical and hospital care, they must have a thorough appreciation 
of what is involved and must understand more and more their own feeling about the 
crippling condition. Unless they do understand, it may be difficult, if not impossible, 
for most parents to have the confidence in themselves which is necessary to give their 
child the reassurance and the faith in them that he needs. This means that not only does 
there need to be ample opportunity for the parents to be given information about the 
physical condition of the child, but also opportunity for them to ask questions of the 
physician, the nurse, or the social worker about the total implications of the handicap 
and to have honest and full answers. 
may, therefore, need skilled help in understanding their own attitudes 
and his illness. Feelings of guilt about congenital malformations or 


Many parents 
toward their child 
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ideas that they have given inadequate attention to symptoms at the onset of an illness 
are common and lead to excessive anxiety. With help from the physician and, when 
possible, from a medical social worker, most parents become able to accept the realities 
of their child’s handicap and to give him the strength he needs in living and growing up 
with his handicap. Many parents, as you know, gain much courage from meeting with 
other parents of handicapped children in groups, where they can discuss their problems 
together and benefit from group counseling. Such group discussions are being increasingly 
facilitated by the teams of professional workers in clinics and hospitals. 

There is a considerable amount of attention being given currently to the ways in 
which the untoward effects of hospitalization, especially upon infants and young children, 
can be reduced. We know that separation from his mother may be profoundly disturbing 
for the infant or pre-school child and, if prolonged, may lead to personality disturbances 
which continue far beyond the immediate situation. 

I would like to draw to your attention a most important document on this subject, 
a monograph by Dr. John Bowlby of the Tavistock Clinic in London, entitled ‘* Maternal 
Care and Mental Health”, published by the World Health Organization. In this article 
may be found a review of current research in the social sciences on this matter of maternal 
separation and its bearing on many problems of the care of children. A chapter on the care 
of maladjusted and sick children has many valuable suggestions for us. 

In view of all we now know, it may be said with confidence that, if hospitalization 
is necessary for infants or children under six years, it is important that his mother be 
encouraged to be with him as much as possible. An increasing number of hospitals now 
not only permit daily visiting, but see the value of having the mother herself assist in the 
care and feeding of the young child. A few hospitals are even making facilities available 
so that the mother may stay continuously with the child through the hospital experience, 
or at least through critical periods. Any steps which will minimize the artificial nature of 
life in the hospital and will facilitate retaining close ties with the mother are of great 
value. 

We also believe that convalescence at home should be encouraged whenever condi- 
tions permit. This usually involves help to the family by a social worker or public health 
nurse, who has a real understanding of the emotional as well as the medical problems 
involved in convalescence. 

One of the major problems which all of this poses to you and to us is the problem 
of how we can manage to have good quality care, which we all want provided in hospitals, 
and convalescent facilities close to where children live in order to allow this very frequent 
contact with parents. 

Children of school age need to have just as warm family ties when in the hospital 
or convalescent home as do their younger brothers or sisters, but they have wider interests 
and tolerate the separation better than the pre-school child. At school age, another 
problem arises,—namely, education for the handicapped child. It is our view that a young 
handicapped child should not be sent to a residential institution in order that he may 
receive education until every possibility has been exhausted for his education in his own 
community, where he can live at home with his family or in a foster home. 

The departments of education in thirty-eight States are now making some provision 
for special education of the physically handicapped. Some crippled children are receiving 
their education in regular classes in day schools, some in special classes, some in special 
day schools for the handicapped, some in residential schools, some in hospitals and con- 
valescent homes, and some in their own homes. However, few, if any, communities are 
providing this complete range of services. It is being increasingly accepted that many, 
if not most, handicapped children do well in regular schools, with such adaptations of 
curriculum and provision for special instruction as may be needed, in special or regular 
classes or in a combination of both. This does require considerable flexibility in school 
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administration, an adequate guidance service, and teachers trained in the education of 


exceptional children. 
The school situation which is best has to be decided individually for each handicapped 


child. Unfortunately, many crippled children still live in communities where there is not 
much choice and where the provision for special education is decidedly limited. 

A great deal of the development and expansion and improvement of the Crippled 
Children’s Program is the direct result of research, not only research in medicine and 
surgery and the biological and social sciences, but also in closely allied fields, such as 
electronics and mechanics. It is not a coincidence that the programs for hard-of-hearing 
children began their major development after the War. This was, in considerable measure, 
the result of the development of the new electronic hearing aid and new hearing-testing 
equipment, as well as the availability of chemotherapeutic and antibiotic agents. Children 
have benefited enormously from this research, much of which took place in Army and 
Navy hospitals. 

Similarly, we are now witnessing the planning and preparation of new arm prostheses 
for children, based directly on the remarkable artifical limbs made for veterans. We are 
hopeful that children will benefit in the same way from this research. 

Since 1945, a great deal of research on the problems of the amputee has resulted 
ina wealth of scientific information regarding the adult amputee and his problems. Within 
the past year, the National Research Council has become interested in the problems of 
the child amputee. The Children’s Bureau is cooperating with the Research Council in 
every wey possible. Some of you have written to us telling of your particular interest 
in the child amputee. Much of the research which has already been done for the adult 
can be utilized for the child. At the present time, the hand developed by the Army Pros- 
thetic Research Laboratory is being adapted to two smaller sizes which can be used 
for children. Research on the problems of the child amputee is presently being conducted 
by the Michigan Crippled Children’s Commission at the Mary Free Bed Guild Convales- 
cent Home in Grand Rapids, Michigan, and by the University of California, Los Angeles, 
and at the Marion Davies Pediatrie Clinie in Los Angeles. 

By putting the results of such research into operation through the organized Crippled 
Children’s Programs, often with the assistance of or complemented by voluntary groups, 
the benefits of modern science are being brought to many children living in rural areas, 
as well as to those in urban areas, who would not otherwise be reached. It is only by such 
infusion of new knowledge that these crippled children’s services can continue to be 
growing dynamic programs, well equipped to serve the needs of our children. 

Finally, may I say that, in my remarks this afternoon, I have stressed the need 
for all of us to consider the social, the educational, and the emotional aspects of this 
program of care for crippled or handicapped children. } have done this because [ believe 
that we cannot afford to overlook the part that these children and youths may play in 
the future when they as young adults join the ranks of citizens responsible for the stability 
of our Nation and for the type of leadership it will give in world affairs. The part that 
they will play will depend on what kind of people they become. 

Though handicapped children may be a relatively small segment of the total number 
of children and youths, we must bear in mind that the total number of handicapped people 
whose handicaps started in childhood is not insignificant. 

We have to remember also that physically handicapped children are particularly 
exposed to discrimination, isolation, and rejection by the community and even sometimes 
by their own families. We know only too well that any child who is rejected or who feels 
himself deserted by his family will find the road to a healthy personality a most difficult 
one 
Handicapped children, then, even more perhaps than normal children, need the 
bulwark of family trust, affection, acceptance, and support, if they are to avoid overt 
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aggressive behavior, even delinquency, on the one hand, or the building of walls of defense 
by retreat within themselves on the other. This places a great burden upon all of us who 
have a part in guiding the future development of this program to continue to look at our 
procedures and practices. We must make sure that everything is being done that can be 
done to bring complete health to the children under care—health in the terms of the now 
well recognized definition of physical, mental, and social well-being, not merely the absence 
of disease or infirmity. This is the end which we seek; the means to this end are for us to 


design together. 
Again may I thank you for giving us this opportunity to renew our active partnership 


in this great program. 


DR. SHANDS: Dr. Eliot, we thank you very much for giving us this concept of caring 


for the whole child. 
Now at this point, questions or discussion are in order. If anyone would like to ask 


Dr. Eliot any specific questions about the program of the Children’s Bureau in Washing- 
ton, or would like to say anything about any points which she has brought up, this is your 


opportunity. 


Dr. Leo Mayer: /s it still the policy of the Bureau to leave pretty much to the States the local administration 


of the programs? 
Dr. Exvior: The answer to that question is “ Yes, it certainly is”. The States have the whole responsi- 


bility for developing the plan of action under this program, as many ef you know, The Federal Government 
appropriates money to the Children’s Bureau itself; this money is allotted, according to formula in large 
part, to the several States. The State agency responsible (and it varies in different States) draws up a 
plan, setting forth what that State would like to do. The Regional Staff of the Children’s Bureau, who know 
the programs in the States, work with this State agency in helping it to develop this plan. Then the plan 
of the State agency must be approved by the Children’s Bureau (at this time by the Regional Representative 
of the Children’s Bureau), and it then becomes an operative plan. The operation of the plan itself and the 
program are entirely in the hands of the State. The Children’s Bureau operates no individual programs in 


this field. 


Question from the floor: What is being done with parents and parent groups in Crippled Children’s 


Programs? 
Dr. Kuior: I think that that is a difficult problem. In recent years we have been finding that parents 


themselves are very much more receptive to exploring the problems which are involved in this field of handi- 
capped children. A number of associations of parents have been springing up in different parts of the country, 
sometimes on a local basis, sometimes on a national basis, to consider how they, the parents, can participate 
, our Staff and the State agencies 


in the programs. To answer specifically your question “ What is being done? 


certainly do encourage parent groups whenever they have a chance to do so. 


QueEstION from the floor: May I ask one thing before Dr. Eliot leaves? Do the programs cross State lines? 
Dr. Exsor: Yes. If the child is in a given State where a special type of crippling condition cannot be 
taken care of, then that State may send the child to another State for the type of care which that particular 


child needs. The State of origin may pay for the care of that child. 


Dr. Wituiam J. Stewart: As far as the Children’s Bureau goes, is it true that the Bureau approves such 


expenditures? 
Dr. Evsor: Yes, that is entirely true. Once the money reaches a State treasury, it is used by the State 


under the fiscal laws of that State. If a State has some law which is limiting, then it is up to that State to 


modify its law so that it can provide a more liberal program for these children. I think that Dr. Lesser might 


at this point answer that question more specifically, if you would like to have him do so. 


Dr. Suanps: Dr. Lesser, will you say a word 
Dr. Lesser: I am very happy to have the opportunity to speak to you. I am glad that this question 
was brought up, at least modifying somewhat Dr. Eliot's reply, because it is a very difficult question. In 
a few States, we still have State laws prohibiting the expenditure of funds of that State in another State. 


There have been occasions when some of the States have used some of the Children’s Bureau Federal funds 


under such conditions. On the other hand, an attorney-general, at another time, may say that this cannot 
be done, whether Federal funds or State funds are concerned, All funds have to be spent according to State 
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laws. It is a matter of interpretation of the individual State. Now, for an example, that of the treatment of 
children with congenital heart disease. A few years ago, there were relatively few places which 
were equipped to make the diagnosis and to provide the surgical treatment. Today, there still are a 
number of States where there are no hospitals with staff and facilities for this work. The Children’s Bureau 
has, by making a grant to a State specifically for this purpose, made it possible for a State, such as Illinois, to 
provide and pay for care in a hospital in Chicago for children living in neighboring states, such as South 
Dakota, where it is not possible for the child to receive surgical treatment for congenital heart disease. 
In the discussion we had this morning with the Joint Committee on the Publie Care of the Crippled Child, 
the suggestion was made that, possibly, in the beginning of work with these upper-arm prostheses, a ‘similar 


regional type of center might be developed. 

May | also add, in response to another question, that the Children’s Bureau, in response to many, many 
letters which we have received from parents about their children’s crippling conditions, has published in 
recent years a number of pamphlets for the public, dealing specifically with handicapped children of various 
kinds, and these have had a very wide distribution and an excellent reception. I think there is no doubt 
that the problem of dealing with parents is not always an easy one, particularly when parents’ groups are 
organized quite aggressively, as sometimes they are, in behalf of a particular group of crippled children. I 
think that, given opportunities to work with the public and private agencies, eventually such groups become 
a strong asset and a strong support of the program, lending great assistance. They certainly have been of 
great assistance to the Children’s Bureau and to many State agencies in their support of the Crippled 
Children’s Program, enabling us to speak to the Congress in order to obtain help in the extension and further 


development of these programs 


Question from the floor: Are the Children’s Bureau funds being used for custodial care? 
Dr. Lesser: I do not believe that the funds made available to the Children’s Bureau are being used 
for outright custodial care if, as I understand it, custodial care is considered to mean room, board, and 
minimal bed care—that is, attendant care—of a child in an institution where very little medical care other 
than practical nursing is being provided. It is questionable that the Social Security Act would permit our 
funds to be used for that purpose. However, it is a good point, and it has been brought to our attention 


frequently that there is a considerable need for assistance for such children. Of course, in many States, it is 
possible that there are other funds; some State welfare funds are being used for this purpose. 


DR. SHANDS: Thank you very much, Dr. Eliot and Dr. Lesser, for giving us this 
interpretation of the Crippled Children’s Program. 

Now, the next part of the program is to obtain the point of view of a State adminis- 
trator. Dr. Kobes has come from Illinois and is going to tell us about his program. 


ADMINISTRATION OF A STATE CRIPPLED CHILDREN’S PROGRAM 


BY HERBERT R. KOBES, M.D., SPRINGFIELD, ILLINOIS 


Crippled Children’s Programs as administered as a function of State government 
first came into being shortly before the turn of the century, when Minnesota developed 
such a program to meet the needs which had been presented to the people of that State. 
Between that time and 1935 when the Social Security Act was passed, thirty-seven States 
wrote various kinds of laws related to crippled children. Actually, in 1935, very few 
States had a well rounded or complete program of services for crippled children. Within 
a few years after 1935, all of the States and Territories and the District of Columbia had 


the equivalent of a statewide program for services for crippled children. 

The programs are found in various branches of State government. The majority of 
them are found in departments of health, because of the logical relationship of a medical- 
care program to the over-all sphere of activity of the health department. Among the 
States that had programs prior to 1935, many of the programs were to be found in other 
departments of government—in the departments of welfare and education, and in inde- 
pendent crippled children’s commissions. It is of interest to note that at the present time 
the Crippled Children’s Programs in four States—Oregon, Iowa, Missouri, and Illinois 
are related to the State’s university or the State university's medical school. The program 


in Illinois will form the basis for most of this discussion. 
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Because of the stimulus of the Social Security Act with grants-in-aid specifically 
for Crippled Children’s Programs, a pattern for State and Federal relationship has been 
established. That the States have accepted a Crippled Children’s Program as a distinet 
responsibility of the State is shown by the fact that over the last twenty years an in- 
creasingly greater proportion of all of the public crippled children’s funds have been 
appropriated by the States from their own resources. In addition to the grants-in-aid 
from the Children’s Bureau of the Department of Health, Education, and Welfare, a great 
deal of service is made available to the States through help in program-planning and by 
the furnishing of consulting services. The Children’s Bureau and its Staff are to be greatly 
praised for the immense amount of help which has been given to the States in terms of 
raising standards and otherwise giving a stimulus to improve resources for crippled 
children in the various States dependent on their own needs and abilities. The Children’s 
Bureau has had help from its own National Advisory Committee. Several members of 
this Association have served on the Advisory Committee. 

No definition of a crippled child has been written into the Social Security Act, and 
the Children’s Bureau itself has never felt that it could write a definition of a crippled 
child. Each State has had to write its own definition. In some States the definition is 
written into the law, and in others the definition is created on the administrative level. 
The States having the programs with the narrowest scope are usually those in which the 
definition is written into the law and is not changed readily as needs vary. These States 
usually emphasize the program for children with orthopaedic handicaps and with handi- 
caps which can be ameliorated by plastic surgery. 

When the program became available to all of the States, the philosophy of treating 
the whole child was beginning to be popular, and this stimulated consideration of the 
various needs, other than hospital and surgical care, which are recognized whenever one 
meets the problem of serving crippled children. At this point, the pediatricians became 
more prominent in Crippled Children’s Programs, and it is a matter of record that the 
medical directors of services for crippled children at the present time are predominantly 
physicians who have been trained in the field of pediatrics. Many of these physicians have 
been certified by The American Board of Pediatrics. 

In conformity with the Social Security Act, the programs in the States are to be 
made available to all children, regardless of race, color, creed, residence, and economic 
status. Certain State laws and the unavailability of facilities may prevent uniform applica- 
tion of the law, but it is fair to state that, within the limits of the available funds, children 
have had a reasonably good opportunity to obtain care in all States. 

In the State of Illinois, the Division of Services for Crippled Children makes available 
a program for children under a limited category of medical conditions, but the adminis- 
trative definition which is used in the program states: 

“A crippled child is any child up to the age of twenty-one years of age, who is crippled or physically 
handicapped or who suffers a condition which may lead to crippling or to a physical handicap, and whose 
condition is such that he requires specialized medical and related care which may reasonably be expected to 
cure or to materially improve his condition or to prevent further progress of the handicapping condition.” 

Because of the amount of funds available, because it is difficult to recruit well qualified 
persons for the staff beyond the number that we have available at the present time, and 
because our own Professional Advisory Committee has advised against extending the 
program to other medical categories without specific edict from the Legislature, the 
number of medical categories is relatively limited. Presently, the program is operated to 
render services to children who have orthopaedic disabilities; to children who have 
congenital or acquired defects which will respond to plastic surgery; to children with 
rheumatic or other types of heart disease, including congenital heart disease which is 
amenable to surgery ; to children with neurological disturbances, including cerebral palsy and 
epilepsy; to children with hearing loss and deafness; and to children with speech defects 
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associated with organic defects. It is true that in other States additional groups are covered 
within the Crippled Children’s Program, but actually very few States have as broad a 
range of medical categories or medical and related services as does the State of Illinois. 

As you probably know, rather consistently throughout the Nation, because of one 
of the Children’s Bureau's regulations, diagnostic services are available to crippled 
children without charge, while treatment services are handled on the basis of providing 
State resources for those who need help. The very logical difference relating to diagnostic 
and treatment services is based on the amount of money available and the fact that, 
without a diagnosis, no program of care for any child can be planned. 

We believe that the Illinois program is a good example of the range of staff that is 
needed to carry out an effective Crippled Children’s Program —a program which will have 
as its objective the improvement by medical and other means of the condition of handi- 
capped children so that, as they reach adult life, they may be fitted for positions which 
will make them useful members of their communities. The best Crippled Children’s 
Programs are those which have full-time medical administrators who can plan the over-all 
programs and deal with consultants in the medical and other fields to develop specific 
programs to meet the needs of individual children. In some States, full-time specialists 
who are active in fields such as cerebral palsy, rheumatic fever, or in the problems of the 
child with hearing loss may be members of the staff of the crippled children’s agencies. 
Such consultants, however, are not found very widely. The medical-staff members usually 
function as administrators. The clinical medical staff is a consulting staff and is usually 
made up of the best physicians in the various speciaities who practise within the State. 
In the Illinois program, the basic requirement for a medical consultant is that he has 
been certified by one of the American Specialty Boards. We have had no problem in 
getting a sufficient number of physicians who meet these qualifications. As a matter of 
fact, in your own field of orthopaedics, we have many more orthopaedic surgeons certified 
in Hlinois than could possibly serve as consultants to the Division of Services for Crippled 
Children. Our consultants come from the major teaching centers within the State and 
include also qualified physicians in private practices who are found in the communities 
outside of the teaching centers. There are in Illinois approximately a dozen communities 
that have one or more Board-certified orthopaedic surgeons practising in the community, 
and these orthopaedists are active in the Crippled Children’s Program. We also function 
on the basis of trying to have continuity of medical service and, consequently, the ortho- 


paedie surgeon who serves at the Division's field clinies, which are scattered throughout 


the State, also serves the needs of the patient in his office, when such supervision is needed, 
and in the hospital when surgery is advised. In other words, the orthopaedic surgeon may 
first see the patient on the referral of the family physician in a field clinie 100 miles or 
more from his own community. Next he sees the child in the community hospital where he 
practises. Follow-up after that may be given either in his own office or in the Division 
clinic, depending on the particular needs of the child. 

We feel that our method of bringing specialist services to the patients and doctors 
in the local community is wise, and we know that it is well received, because we have 
found that a good many family physicians, especially in rural areas far removed from the 
usual specialist resources, send their patients who are crippled children to the Division 
clinics for original diagnosis and consultation. Treatment for these patients may be 
arranged through the resources of the Division, but the Division does not make payment 
for these services. The majority of our orthopaedic consultants have felt that this type 
of program is a reasonable one, because they are fully cognizant of the fact that there are 
often difficulties in getting specialist services in a remote area, and, thus, they are willing 
to make consultation available to physicians in the area. We have also found that our 
consultants are called by the local physicians for private service while the consultant is 
in the area, at a time apart from the time he spends in the clinic. It must be admitted 
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that this type of additional service is a beneficial by-product of a State program for 
crippled children. 

In Illinois, we have approximately 260 clinic sessions in about forty areas of the 
State. At these clinies, there are in attendance both a pediatrician and an orthopaedic 
surgeon. On the Division Staff, there are our own speech and hearing consultants who 
serve the area in which the clinie is held, public health nurses of our own Staff and from 
the staff of the local agencies, and, in as many areas as possible, a medical social worker 
who is one of our own Staff members. We feel that every new patient should have a good 
general review of his total medical and health status by the clinie pediatrician and, if 
his needs are in the field of orthopaedics, he is then placed under the charge of the ortho- 
paedic surgeon for a definitive diagnosis and program of care. If a child has a hearing 
loss, he is seen by both the pediatrician and the speech and hearing consultants and is 
then referred to the otologist nearest his place of residence for a more complete otological 
examination and diagnosis. If medical or hospital care is needed, this can be provided. 
If a hearing aid is needed, the child is sent to one of several audiological centers; there, 
among other things, a hearing evaluation is made, in order to determine the particular 
type and model of hearing aid which will most nearly meet the child's individual needs. 
Training in the use of the hearing aid is always needed, and this can be provided through 
the audiological center, through teachers for the deaf and the hard-of-hearing in the local 
community, or through speech centers, where an intensive program is made available 
during the summer to children: with speech and hearing difficulties. 

The public health nurses are, next to the physician, the most important members of 
the team which provides services for crippled children. She has close contacts with both 
the families and the family physicians in her community. She knows what the State 
program can offer, what its standards are, and how and where services may be obtained. 
She acts as an effective liaison between the professional clinical consulting Staff of the 
Division and the family physician and the family. She is responsible for the activities 
which make certain that children keep their appointments both in hospitals and at clinies, 
as well as at doctors’ offices, and she guides the family in the management of the home 
care which has been recommended by medical consultants. 

When there are emotional and social problems, these frequently need to be referred 
to the medical social workers, who have done an admirable job in working with families, 
in order that they may be able to live better with their handicapped child and to take 
advantage of the services which are available and needed for him. 

The speech and hearing consultants serve as diagnosticians in our clinics and then 
have the responsibility of making contacts with the otologists, the speech centers, speech 
teachers in the local communities, and other agencies or individuals who might help the 
particular type of children who come within their sphere of activity. 

Other individuals, such as psychologists, nutritionists, health educators, various 
types of dental specialists, and physical and occupational therapists are brought in as 
deemed necessary for the individual cases. 

One of the most important working relationships which we have established is that 
with the special education program. In Illinois, the special education program is set up 
with a consultant and advisory staff from the State office, which is able to render services 
to the local school districts. The local school districts have the responsibility of setting 
up and maintaining special education programs to meet the community needs. Because 
financial help is needed to make community programs available, the State Division of 
Special Education is able to make what are called “payments for excess cost of special 
education”. This means that a school system needs to know what it costs to educate the 
average child in the schools and what it costs to educate the child who has special educa- 
tional needs. The State, up to a limited maximum, can pay the difference between the 
two, or the excess cost. Illinois probably has one of the most highly developed special 
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education programs of any State in the Nation. This program has resulted both from 
recognition that appropriations to conduct the program on the State level are needed and 
that trained supervisory or consulting staff is needed, in order that the local communities 
may be able to develop the kinds of programs that are necessary to meet the needs of the 
children living in those communities. The influence of an active crippled children’s medi- 
cal-care program in pointing up needs has also had a material effect. 

Collaboration with other agencies is necessary, too. There are often social or child 
welfare services which are needed for crippled children. The Department of Public Wel- 
fare has facilities and staff which can be used to help crippled children. Also, many 
crippled children are in families receiving public assistance, and, by working with the 
social workers in these programs, crippled children’s organizations can often make im- 
provements which are in the interests of the child and the family. We cannot fail to point 
out that the success of any State Crippled Children’s Program is almost directly dependent 
upon the quality and the amount of full-time health service which is available within the 
local jurisdiction of the State. In Illinois, we function under the philosophy that each 
crippled child lives within a local health jurisdiction and that his general health problems 
are the responsibility of the local health jurisdiction. The Crippled Children’s Program 
furnishes a program with funds and other resources which the local community does not 
have; this program can best be administered from the State level. Responsibility for case 
findings and for most of the local follow-up through the public health nurses falls back on 
the local health jurisdiction. We have found that this close interplay between local and 
State agencies is very successful in bringing to the children a good program of care. 

Many private agencies also work along with the Division of Services for Crippled 
Children in promoting the best possible program for children wherever they may be. 
Among these are The National Foundation for Infantile Paralysis, the United Cerebral 
Palsy Association, the local affiliates of The National Society for Crippled Children and 
Adults, and many others. 

In Illinois, the Shriners and the Elks both have independent crippled children’s 
programs. Children who are currently receiving care from these two groups do not become 
eligible for services by the State program, except when referral by the private organization 
is made to the State program. The Elks in particular have a program which is for the 
most part clinical, and the hospital and surgical care for their ort hopaedic cases is provided 
either through the Orthopaedic Service at the University of Illinois teaching hospital, 
or through the hospitals providing care for the children under the Division of Services 
for Crippled Children. In the latter instance, the Division of Services for Crippled Children 
is responsible for payment of the hospital and medical services. 

More and more facilities for partial treatment in local areas are being developed. 
In addition to the local follow-up by public health nurses, social workers, and speech 
therapists, we find that physical and occupational therapy services are becoming available 
as local groups set up treatment centers. The Division of Services for Crippled Children 
may purehase care from the privately conducted treatment centers, whether they be 
conducted by hospitals or independent agencies. Appliances, such as braces, artificial 
limbs, hearing aids, and dental prostheses, may be purchased through the use of the 
Division's financial resources. In all instances, financial need is determined on an in- 
dividual basis with each family and for each item of care, because financial need does 
vary a great deal, depending upon the number in the family, the total income, and, more 
than anything else, the probable cost of providing care. We have found that, as the years 
go on, more and more patients are able to provide a greater proportion of the cost of 
their care as insurance, both hospital and medical, is purchased by a greater proportion 
of the population. Division funds are never used for purchase of care when resources 
within the family are available. A patient becomes economically eligible for Division care 
when it can be demonstrated that the family cannot provide the total cost of care. 
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In Illinois, payments are made to physicians who render service for the Division 
cases. Specified clinic fees are paid to those who serve in the clinics. In addition, they 
receive reimbursement for necessary travel expenses. When care is given in the doctor’s 
office or the hospital, payments are made on the fee-for-service basis, and on what we 
recognize is a limited fee schedule. 

The Division operates under the policy that prior authorization for care is both 
desirable and necessary, in order to eliminate the many unhappy circumstances which 
can arise when payment for care which does not meet the standards of the Division is 
requested. Just to give a brief capsule picture of the extent of our program, we might 
relate that in the present two-year period we are operating with a State appropriation 
of $3,000,000, and to this is added approximately $700,000 of money from the Children’s 
Bureau. About half of that money is granted to the State on the basis of special training 
and educational programs and, consequently, does not go directly to the care of Illinois 
children. One of these, the Midwest Cardiac Surgery Program, is administered by our 
Illinois Division to provide cardiac surgery services in Chicago to children living in other 
States in the Midwest not having equivalent resources. 

The full-time staff consists of three medical administrators, one of whom, however, 
is a full-time staff member of the University of Illinois College of Medicine, Department, 
of Pediatrics. There are twenty nurses, six speech and hearing consultants, and seven 
medical-social consultants. In addition, there are other technical personnel, such as a 
photographer, statistician, business manager, and personnel officer. Clerical workers bring 
the total Staff to about 125. With this Staff and this amount of money, we render services 
to approximately 30,000 children who are actively on the register. Each year, approxi- 
mately 10,000 of these receive some type of service which may vary from a single home 
publie health nursing visit to expenditure of hospital and medical funds amounting to 
$4,000 or $5,000 for each child, if this is necessary. 

We believe that the Crippled Children’s Program is one which will always be with 
us, because there will always be problems that relate to this group of children. Families 
will need help through resources other than their own, because it is known that medical 
care for crippled children is both expensive and goes on for many years. As was indicated 
in the report of the Commission on Chronic Illness, ‘Chronic disease and poverty get to 
be synonymous sooner or later’’. There are many types of medical conditions, other than 
orthopaedic, which are of long duration and which cost the families tremendous amounts 
of money and energy. More research needs to be done, and a great deal of education among 
professional and lay people needs to be carried out, in order to develop the best possible 
program for each State. 

An ideal Crippled Children’s Program is one which has the broadest possible range 
of high quality medical care and related services available to meet the needs of children 
having a broad spectrum of medical diagnoses. These medical categories should perforce 
be those which are characterized by long duration of the effects of the handicapping 
condition and thereby cause an undue amount of drain on the family’s energies and 
economic resources. Adequate payments should be made to all who render services, 
whether they be full-time staff members, or part-time consultants giving clinical services. 
All families should make payments toward the cost of care within their ability to pay. 
All personnel should meet the highest possible standards of professional ability and per- 
formance. The health and medical-care services needed to obtain the best clinical results 
for each child should be made available, and the social, emotional, educational, and voca- 
tional-training aspects of each child’s needs should also be the concern of those who have 
the responsibility of administering the State’s Crippled Children’s Program. Whenever it 
is necessary to do so to ensure a wide range of capable services, the State should provide 
training programs to help fill any gaps which may be present. Existing resources should 
be used to the fullest extent and without duplication of services. They should be im- 
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proved whenever necessary to meet the most desirable standards of care, and only when 


existing resources are definitely proved to be lacking, should completely new facilities 
be constructed. There needs to be sharing of resources among communities, even to the 
extent of working out interstate arrangements when it seems undesirable to make available 
for one State a service which may be used but rarely. Only when we know that we have a 
program which will bring the maximum number of physically handicapped children into 
our society as useful, productive members can we feel that our job is nearing its highest 
level of success and accomplishment. 

We could not close this discussion without mentioning the notable report of the 
committee of which Dr. A. Bruce Gill was Chairman, You are familiar, Iam sure, with the 
recommendations of the Joint Committee on the Public Care of the Crippled Child which 
were approved by the Executive Committee of The American Academy of Orthopaedic 
Surgeons in April, 1952. The orthopaedic surgeons have taken a commendable step in 
making the type of recommendations which were made within this report, and it is hoped 
that within the years ahead the orthopaedists will increase their interest and knowledge 
in the Crippled Children’s Programs in their own States. This interest should be developed 
in terms of improving the standards for and, consequently, the quality of medical care, 
as well as improving the administration of the programs. It should make certain that all 
of those who really need help have it available in a way that befits the dignity of the com- 
munity, the family, and the medical profession which is so important in providing care 


for this group of our citizens. 


DR. SHANDS: Thank you very much, Dr. Kobes. You have given us exactly what we 
wished. Now I think, before we have discussion and questions of Dr. Kobes, we will ask Dr. 
Cireen to present the point of view of the orthopaedic surgeon. I think he may touch on 


some of the same points which Dr. Kobes has brought up. 


Tue Point or View OF THE ORTHOPAEDIC SURGEON 


BY WILLIAM T. GREEN, M.D., BOSTON, MASSACHUSETTS 


When the Crippled Children’s Program of the Federal Government was instituted 
in 1935, it was designed for the child who was crippled, the term being used as it had been 
‘orthopaedic cripple”. In the 


used for centuries to describe what we might call the 
development of this program, an advisory committee of orthopaedic surgeons worked 
in conjunction with the Children’s Bureau in forming the basic plan. In the beginning, 
the activities of the Children’s Bureau were viewed with considerable suspicion by many 
members of the medical profession in that they considered this a step in which the Federal 
Government was entering the practice of medicine. Orthopaedic surgeons of that period, 
however, had a very broad concept of their social responsibilities in the care of crippled 
children and they supported the program from the beginning. Orthopaedic surgeons, in 
fact, have always given freely of their time toward the care of the crippled child. They had 
aided in the enterprises of many endowed institutions and agencies in the care of the 
handicapped and in many other programs which were in existence prior to the Federal 
act which established the program of the Children’s Bureau. These activities in the care 
of the crippled child have always been a subject of pride to orthopaedic surgeons, and 
they were prepared to support the Crippled Children’s Program and to take what seemed 
to be a very large step in the practice of medicine of that period. It was a pleasure to hear 
Dr. Bennett's reference to the evolution of the program. 

In this early period, the liaison between the Children’s Bureau and the committee of 
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orthopaedic surgeons was, as it has been described to me, quite close. I remember hearing 
of some of the discussions of that time from Dr. Robert Osgood, who was a member of the 
committee. As time went on, however, the association between the Children’s Bureau 
and orthopaedic surgeons became quite tenuous. For one thing, the Children’s Bureau 
became involved in other areas of activity, with increasing interest in various phases 
of maternal and child health. Furthermore, semasiology reared its head. The term “ crip- 
pled child” received a new interpretation and was used to describe the child with any 
handicapping disease. Thus the services became concerned, for example, with the “cardiac 
cripple’, with the ‘‘auditory cripple,” and with children with other types of handicap. 
This broader interpretation of the term ‘cripple’ seems entirely reasonable, but there 
was a feeling that the orthopaedic cripple was being gradually shunted from the main 
stream of activity. | am confident that the spokesmen for the Children’s Bureau would 
say that this changing pattern of interest was an evolutionary one and that the purpose 
of the Bureau was to stimulate activity in new fields which needed stimulation. Be that 
as it may, there was a feeling among many orthopaedic surgeons that not only had the 
orthopaedic cripple lost his rightful place in the program but also that the counsel of 
orthopaedic surgeons was missing from the Children’s Bureau. Although orthopaedic 
surgeons were appointed to an Advisory Committee on Maternal and Child Health and 
Crippled Children’s Services, they formed a very minor representation in a huge body. 
Furthermore, this so-called Advisory Committee did not seem to have any particular 
advisory function and seemed to have little influence. The problems of the orthopaedically 
crippled child were little discussed, and little advice was sought. There arose the feeling 
that the Children’s Bureau had been friendly toward orthopaedic surgery during the 
period when the Bureau had few friends and was insecure, but that, once it had come 
of age, it forgot its friends of earlier years. It is entirely likely that orthopaedic surgeons 
were too sensitive about this relationship, but this feeling did exist. 

More recently, there is again evidence of a closer liaison between the Children’s 
Bureau and orthopaedic surgery. The Joint Committee on the Public Care of Crippled 
Children, which is composed of representatives of The American Orthopaedic Association, 
The American Academy of Orthopaedic Surgeons, and the Section on Orthopaedic 
Surgery of the American Medical Association, has for some time indicated to the Bureau 
that it was available as an advisory body in the problems of the crippled child and 
orthopaedic surgery. On April 24, 1950, after a meeting of representatives of the Children’s 
Bureau and representatives of this Committee, the Joint Committee on the Public Care 
of Crippled Children was appointed as a Technical Advisory Group on Orthopaedic 
Surgery to the Children’s Bureau. Since that time, the Joint Committee has met with 
representatives of the Children’s Bureau from time to time and has made certain reecom- 
mendations regarding crippled children’s services. It is our hope that this relationship 
may be fostered and further developed. The Committee, as a representative of ortho- 
paedic surgery, stands ready to confer, to consult, and to advise, and indeed stands ready 
to listen. It insists, however, that orthopaedic surgery should participate in the decisions 
affecting the crippled child and orthopaedic surgery. 

We, in orthopaedic surgery, appreciate the beneficial influence that the Crippled 
Children’s Program, fostered by the Children’s Bureau, has had upon the care of the erip- 
pled child in the United States. The program has assisted directly in the care of the 
individual child. It has stimulated and fostered the development of programs in various 
States. Furthermore, by establishing that certain standards be met before Federal funds 
were made available, the Bureau has incited a better quality of care of the crippled chilo "1 
is well to recall, however, that in many States satisfactory programs for the care of cripy 
children existed prior to the Federal act of 1935. Many voluntary agencies were doing ai 
excellent job and have continued to do so. In all areas, State Crippled Children’s Programs 
fostered by the Federal Government have strengthened the care of the crippled child. 
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Furthermore, in supporting the program in the various states, the Children’s Bureau 
has given the individual States considerable freedom in their programs. This is creditable. 
It is difficult to provide rules which are applicable to all States. On occasions, certain of 
the practices which the Children’s Bureau have recommended have been criticized, yet 
it must always be considered that its rules are general and that, although they may be 
worthy of criticism as applied to one area, they may be highly desirable in another. On 
occasion, it seems that recommendations are prescribed by the Children’s Bureau which 
require needlessly expensive and elaborate programs and details of care which are eco- 
nomically unsound and unfeasible in a particular area. Whatever the criticisms, the 
Crippled Children’s Program, it must be admitted, is playing a large role in the care of 
the crippled child in the United States. Where it goes in the future, and which road it will 
follow, will depend upon many factors which guide the future of medical practice generally. 
There are some considerations which we might discuss now. 

The purpose of the Crippled Children’s Program might be defined in the simplest 

form as that of aiding and supporting the care of crippled children in all the States and, 
in so far as possible, seeing that the needed care is provided. At the same time, its purpose 
should be to improve the standards of care, not only for the children directly concerned in 
the program but also the standards of care for all of our children, whether in the program 
or not. Let us analyze the significance of these two purposes. 
If we are to improve the standards of care for all of our children, prime consideration 
must be given to the training of orthopaedic surgeons of the future and to teaching pro- 
grams generally. It seems essential, therefore, that the Children’s Bureau in distributing 
funds should indicate that priority in the use of these funds for the care of the crippled 
child should be given to provide adequate support to those facilities which are concerned 
with teaching programs. In such an order of preference should be the support of hospitali- 
zation of patients of the program, first, in those hospitals which have undergraduate and 
graduate teaching in the form of approved orthopaedic residency programs; and, second, 
in those hospitals which have approved orthopaedic residency programs without under- 
graduate teaching. In this present period, in which insurance programs are playing an 
increasing role in the economy of medicine, the teaching ward services are being depleted 
of patients. The children of these services are valuable for undergraduate teaching and 
almost invaluable for resident training. It is most important in the training of ortho- 
paedic surgeons of the future in the care of crippled children that their teaching services 
be supported to a preferential degree in the hospitalization of the children of the Crippled 
Children’s Program. 

Another major consideration is that the distribution of funds should be guided by 
the principle that they be used to strengthen the facilities for the care of crippled children, 
whether the child is in the Crippled Children’s Program or not. In our opinion, we will 
not aid in the problem of the crippled child to the fullest if a large part of this financial 
support is directed to those hospitals which are concerned with treating cases of this 
group only. If, for example, children in the Crippled Children’s Program are treated in 
isolated state hospitals whose activities are concerned solely with the care of children 
whose economic support needs to be provided, these children alone will receive the benefit 
of the Federal support. On the other hand, if the children in the Crippled Children’s Pro- 
gram are supported in their hospitalization in hospital units which take care of the 
crippled child whatever his economic status, these funds will tend to develop and to main- 
tain facilities for the care of patients which will be generally available to all crippled 
children of whatever status. This would provide not only physical facilities but also 
personnel who would be available for the care of crippled children whatever their finan- 
cial state. It will preserve and improve the facilities which are available to your child and 
mine. This principle becomes of increasing importance as a larger proportion of chil- 
dren come under the care of such services. It would seem wise, therefore, in the distribu- 
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tion of Federal funds to the States in support of the Crippled Children’s Program, that 
preference be indicated for adequate support to hospitals in which activities are not 
solely confined to the care of patients in the Crippled Children’s Program and children who 
receive free medical care. If we interpret this rather directly, it would seem undesirable as 
a general principle for the funds from the Children’s Bureau to be directed primarily 
toward supporting hospitalization of children in state institutions the total functions 
and activities of which are confined to the care of these children and other children 
whose medical care is completely supported by public funds. On the other hand, I hastily 
add that, if a state hospital is a part of a teaching unit and fulfills all the other tenets we 
have mentioned, it should participate in the program along with other hospitals that fulfill 
the same tenets. 

Other comments that we would ordinarily make regarding Crippled Children’s Serv- 
ices were covered in the fourteen points of recommendation by the Joint Committee 
on the Public Care of Crippled Children to the Children’s Bureau in 1952. These were 
alluded to by Dr. Shands in his recent discussion of the crippled child before this Asso- 
ciation at the combined meeting in Great Britain in 1952. 

We would like to mention certain other things. We feel that a means test should be 
used as one of the cards of admission to the crippled children’s services. It is true that 
an orthopaedic crippling disease of long duration may be an insurmountable economic 
burden for a family that can support its ordinary medical care for acute illness. This must 
be considered when the yardstick of financial responsibility for a family is employed. 
Related to this is our personal conviction that we in orthopaedic surgery should provide 
care for these children of the Crippled Children’s Program on the basis that it is in part 
a charitable enterprise on our part. As long as the plan of medical practice is such as 
it is today, we would favor payments to orthopaedic surgeons for the care of these children 
which should be so low that the surgeon would not be led to compete for the care of 
the children on the basis of financial remuneration. We believe that there is some ad- 
vantage to paying quite an adequate fee for the out-patient clinics themselves and little 
or no fee for the surgery. This would produce one other desirable influence in that it would 
favor the distribution of these children in teaching institutions which have resident 
training programs in orthopaedic surgery. I would like to add that if, in the changing 
pattern of medical practice, different economic factors arise both in the care of these 
children and in the care of other patients as well, the remuneration should be such as to 
pay the surgeon adequately for his services. 

We would like to encourage the Children’s Bureau to aid as it can all research 
appropriate to the problems of the crippled child and to aid new projects that will develop 
better care and knowledge in this field. 

We would be remiss if we did not emphasize that orthopaedic crippling disabilities 
in the aggregate require longer hospitalization and more expensive medical care over the 
years than do most other forms of crippling disease. We trust that the Children’s Bureau 
will always bear this in mind. 

Orthopaedic surgery has many responsibilities in this area. We, in orthopaedic 
surgery, must work actively to improve the crippled children’s programs at the State and 
local levels. We cannot content ourselves that we have done our duty merely by taking 
care of the individual child. We must lend our influence te improve the programs at an 
organizational level and must participate in the total breadth of the rehabilitation of the 
crippled child. We should be and are prepared to do all we can to improve the crippled 
children’s programs. However, we would like to participate in the prospective programs 
and activities at a planning level. We are prepared to listen, but we are also prepared to 
consult and advise. 
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AND COORDINATION OF AGENCIES ENGAGED IN THE CARE OF CRIPPLED 
AND THE IMPORTANCE OF THE CHARITABLE ORGANIZATIONS 


(COOPERATION 
(CHILDREN 


BY A. BRUCK GILL, M.D., WYNNEWOOD, PENNSYLVANIA 


We have just listened to representatives of Federal and State Bureaus which are 
occupied in their respective fields of supervision with the public care of crippled children. 
Nothing thus far has been said of the many private charitable institutions, societies, and 
organizations, manned in large part by volunteer workers, which have been and still are 
the most basic and important factor in this work. 

\ll reforms and all movements for the improvement of the human race, physical and 
spiritual, begin in the minds and the hearts of a few individuals. They may arise inde- 
pendently in more than one locality and in more than one country. These ideals grow 
and spread slowly because of the vast passive indifference of the people or because of 
the active enmity of objectors. Eventually, however, the movement gains force and momen- 
tum. Primary separate groups of people become coordinated and amalgamated into 
larger and larger groups and societies. The movement may at last become a national urge 
and a national policy; but always, if the reform is to be permanent, if the improved order 
is to survive, it must remain imbedded in the hearts of the people and must continue to 
find expression in their lives. Governments and their processes cannot maintain an ideal 
that is not cherished and practised by the people. 

The history of the care of crippled children in this country and in other countries 
has, in general, pursued some such course. Less than one hundred years ago, a few ortho- 
paedic hospitals were established in this country, and for many years the surgical care 
of the crippled child was largely centered in these institutions. In more recent years, 
this work has grown rapidly. Charitable societies and organizations, the sole or chief 
purpose of which is to promote the welfare of crippled children, sprang into existence all 
over the country; and great organizations like the Shriners, the International Rotary, 
Lions, Kiwanis, and Elks Clubs, the International Society for Crippled Children, numer- 
ous orthopaedic hospitals and clinics, public and private schools, and eventually The 
National Foundation for Infantile Paralysis reached into all parts of the land and sought 
out and eared for the crippled child. In still more recent years, there was founded the 
Alfred I. duPont Institute of the Nemours Foundation, the vast potentialities of which 
for good can at this time scarcely be conceived. 

The point | wish to emphasize strongly is that this vast work was begun and was 
carried on for many years by charitable individuals and societies and organizations 
before State and Federal agencies were established to assist with it but not to dominate 
it. It is true that a few States have for many years made contributions to this purpose 
or have inaugurated a State plan for the care of crippled children. About twenty years 
ago, the Federal Government began to allot comparatively small funds to the various 
States, and particularly to those States which were considered to be too poor to provide 
for the needs of their own crippled children. 

The work has been enlarged to include not only orthopaedic care, but also special 
physical, academic, and vocational education and job-placement,—all leading to the end 
of making the crippled person economically independent. This requires the cooperation 
such as State Boards of Hdueation, 


of many other agencies not hitherto mentioned 
to give work 


Rehabilitation, and Labor and sympathetic labor unions and industry 
to the physically handicapped. Nor should we overlook the enormous growth of medical 
science and its application to the prevention and cure of crippling diseases and conditions. 

Thus, during the tremendous growth of the movement for the care of the handi- 
capped child during the past fifty years, agencies to promote this purpose have multiplied 
beyond the dreams of the early workers in this field. I believe that it is but an expression 


of the outstanding characteristics of the American people,—their innate generosity, their 
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desire and eagerness to help the poor, the weak, and the handicapped, and their great 
sense of fair play for individuals and minority groups and nations. 

What appears to be needed now is not duplication of work by new or more agencies, 
but an efficient cooperation and coordination of all from the Federal Government down 
to the small local groups or societies. I shall mention a number of principles which should 
guide in accomplishing and establishing such a condition: 

Cooperation must be voluntary, not compulsory. 

Nothing should be done to destroy or to take away the interest and the devotion of 
the individual and the small groups. They must not be deprived of initiative or of oppor- 
tunities to carry on their local work. They must not be overbossed, over regulated, or 
regimented. Their urge to carry on this work for humanity is a spontaneous thing which 
wells up out of their goodness of heart. It is their obligation and their pleasure. It has 
been built into their character. We welcome State and Federal assistance for the care 
and training of crippled children when this cannot be well accomplished without their aid. 
We vigorously oppose State or Federal control and management. 

For example, for almost twenty-five years the crippled children (and many adults as 
well) in four counties in Pennsylvania were cared for by the County Societies for Crippled 
Children. | can vouch for the thoroughness and efficiency of this work, during bad times 
as well as good. When a time came that the State agent attempted to usurp management 
and control of these clinics, the officers of the local societies told the representatives of the 
State agency, in no uncertain terms, that they had been caring for their own crippled 
children for many years and that they proposed to continue to do so whether or not the 
State should withhold financial assistance. A few years later, when State funds were 
not available for the hospitalization of crippled children, these societies continued to 
provide complete care, as they had always done. 

The people in any community know their own needs much better than any outside 
agency can know them. They have a personal interest in their handicapped children 
because they know them and their families. 

Expense of organization and administration is low. Volunteer workers do much of 
the work. For example, there is one man who for twenty-eight years has organized and 
managed the work in one county during his leisure time. On clinic days he spends the 
entire day at the clinic. He spends many hours in visiting children and their families 
and in transporting them to and from more than twenty hospitals and institutions, some 
of them as far away as Philadelphia, Wilmington, and Atlantic City, where the children 
have been treated during varying periods of time. 

Charitable work done on the local level avoids political and idealogical complications. 
Yet, certain problems are beyond the ability of the community to handle, such as hospitali- 
zation of patients with tuberculosis of bones and joints. The State should give assistance. 

Advisory boards to the State ageney should inec!ude representative orthopaedic 
surgeons, pediatricians, officers of the State Society for Crippled Children, and heads 
or representatives of the State Departments of Health, Public Welfare, Hducation, 
Rehabilitation and Labor. 

Conferences should be arranged among local groups where more than one exists in 
order to avoid duplication of activities and to consider new problems that may arise. 

Research studies of the best means to be employed for the coordination of activities 
for the physical care, education, occupational training, and for the placement of crippled 
children should be carried out. Such studies might be made by the State advisory boards 
to meet the conditions within the particular State. A national study by the Children’s 
Bureau of the Federal Government should be very valuable. The Nemours Foundation 
has made a beginning in acting in an advisory capacity to bring about coordination of 
efforts by numerous existing agencies in several States and has underwritten certain 
expenses. The results have been very strikingly satisfactory. 
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DR. SHANDS: We are very fortunate in having with us three orthopaedic surgeons from 
overseas who are to present some of the aspects of their Crippled Children’s Programs. 
The first one of these speakers, I feel deeply indebted to, because, in 1937, I had the 
pleasure of visiting the Princess Margaret Rose Crippled Children’s Hospital in Edin- 
burgh, of which he is Chief Surgeon, and I obtained many ideas for the building of our 
institution. I also had the pleasure, in 1951, of visiting this institution again and in addition 
visiting the Trefoil School for Crippled Children in Edinburgh of which he is also the 
Chief Surgeon. Mr. Mercer is the Professor of Orthopaedic Surgery at the University of 
Kdinburgh and is extremely well known by all of us for his writings. Mr. Mercer, will you 


tell us about what goes on in Scotland? 


THe CARE OF THE CRIPPLED CHILD IN SCOTLAND 


EDINBURGH, SCOTLAND 


WALTER MERCER, 


BY PROF, 


The National Health Service in my country has divided Scotland into five regions, 
and the one that I shall talk about is the Southeastern Region, with its main hospital 
in Edinburgh as a center. This includes eight counties with a population of about one 


million. 
The main children’s hospital is the Princess Margaret Rose Hospital in Edinburgh. 


This is closely allied to the Royal Infirmary where the orthopaedic departments for adults 
are located. There are also five outlying general hospitals in which there are orthopaedic 


beds. 

The care of crippled children is carried out with two objectives: 

|. The treatment of children already crippled and their rehabilitation; their training 
for productive work; or, if this is impossible, their accommodation in sheltered workshops 


or in their own homes; 
2. The pursuit of all measures of a preventive nature that will minimize the number 


of children who may be crippled in the future. 

To carry out these two objectives, an orthopaedic scheme has been set up to cover 
as well as possible the whole area. The scheme is based on the well recognized axiom 
that to be effective, especially in the field of prevention, the orthopaedic surgeon must go 
to the patient in the peripheral areas; if he waits for the patient to be brought to him in 
the central hospital, time and hope of success of treatment will be lost. 

The scheme embodies, therefore, a central orthopaedic hospital with a network of 
These clinies are staffed by 


associated major and minor clinies covering the whole area. 
orthopaedic surgeons and physical therapists, and they are visited regularly by the medical 


staff of the parent central hospital. 


Central Orthopaedic Hospital 

The whole organization of our scheme is built around our Central Orthopaedic 
Hospital, the Princess Margaret Rose Hospital, which is in close relationship with the 
University of Edinburgh and the University Medical School but which has its own 


individual board of management. 
This Hospital has the usual number of special characteristics: 
|. Wards designed for treatment in open air and sunshine; 
2. Operating theaters with every possible means of promoting asepsis; 


3. Plaster rooms with special equipment; 
1. First-class roentgenographic and photographic apparatus; 
5. Physical-therapy equipment with treatment baths and a large pool for polio- 


myelitic patients; 
Occupational therapy classes; 
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7. Schoolteachers for the education of children of school age (the children are 
grouped suitably by ages and wards); 

8. Almoners; 

9. Workshops equipped and staffed for the quick manufacture and exact fitting of 
splints and for research in new designs and new materials. 

The Hospital is also helpful in providing facilities for the training and employment 
of adolescent cripples. Boy Scouts, Cub Scouts, Girl Guides, and Brownies have organized 
groups among the patients and do a lot by their work toward fostering a spirit of self- 
reliance and determination to overcome handicaps. The Hospital, therefore, , provides 
not only surgical and nursing requirements, but also many ancillary services. 

The importance of education is recognized. The children are admitted from pre-school 
age to the age of qualifying for the university. The necessity for education controls, to a 
certain extent, the planning of the wards, as regards age and sex. 

Our Hospital is a very happy Hospital, and, as one approaches it, one becomes aware 
of the presence of happiness by eye and by ear——an attractive sight and a most cheerful 
sound. The wards are open completely at one end to sun and wind; although the former is 
in short supply in Scotland, the latter is rarely absent. 

We believe that it is a great advantage for this Hospital to be near the University 
with its good General Hospital. The Staffs of both Hospitals do cooperate, to the ad- 
vantages of the service. 

Teamwork is developed in the associated Staff, and any specialist is readily available 
for the care of these little children. Classes of medical students attend the Hospital, and the 
students can catch this spirit and learn how mutually helpful a general hospital and an 
orthopaedic hospital can be. They see that an open-air country hospital for children 
offers special advantages which cannot be associated with a city hospital. The open-air 
hospital is the core of the organization and by it alone can the necessary means of treat- 
ing the serious cases be provided. 

The clinics cannot run effectively and happily unless they are associated with a 
central hospital, for patients are found who need in-patient treatment in such an institu- 
tion and for whom no other treatment will avail. If these patients are not cared for, the 
faith and the hope of the parents will quickly decline. 

In the Southeastern Region, we have six general hospitals which have: 

1. An orthopaedic department, with out-patient service and with some beds for 
short-stay patients; 

2. An accident service. 

Obvious functions of the Central Orthopaedic H ospital are teaching and research, and 
these are the concern of the Professor of Orthopaedic Surgery of the University, who is 
on the Staffs of all the hospitals in the area. The Director of the Hospital and his Staff 
take an active part in the regional work, so that there is a continual exchange of ideas. 
The Junior Staff rotates, and the whole field of orthopaedic endeavor in the region is 
available to every member of the Staff. The Professor has time for his primary responsibil- 
ity to the University, the promulgation and advancement of knowledge, time for his own 
work, and time to share with juniors in his own department. 


The Peripheral Clinies 

The majority of the Peripheral Clinics were started by the combined efforts of volun- 
tary workers and local authority. They now come under the National Health Service, but 
for the most part are still administered by the local authorities, who provide accommoda- 
tion for the major clinics and secretarial assistance. 

1. Major Clinics 

Major clinics in the smaller towns are usually held in a specially equipped gym- 
nasium. A physical therapist with orthopaedic training, that is, with some experience of 
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orthopaedic nursing and a knowledge of plaster work and minor repairs to appliances, 
usually resides in one of these small towns and looks after the patients at that clinic and at 
the other clinics in the neighborhood 

To these major clinics the surgeons from the Central Hospital come approximately 
once a month; for that visit, children from the local minor clinics are brought in. 

Some of the major clinics are held in the out-patient department of a general hospital, 
but a certain number of ad hoe orthopaedic clinics are necessary in the smaller towns, in 
order to bring a means of special diagnosis, treatment, and after-care within the easy 
reach of patients, particularly children, in every part of the Region. 

It is sometimes difficult for a general practitioner to persuade a mother when she 
first notices that her child is limping or holding himself badly that she should at once take 
him on the long journey to a distant orthopaedic hospital. She will, however, quite readily 
take her child to the local market town. Quickly, the whole population becomes aware 
that the orthopaedic clinic is a place where gentle handling and expert care are available 
when anything goes wrong with a child’s limbs or spine. 

The great majority of children can be treated almost entirely as out-patients. A clinic 
within reasonable reach of the patient's home makes this possible. 

When it is also remembered that this treatment means only periodic attendance at 
the clinic, and that the treatment does not interfere with the patient’s schooling but, on 
the other hand, enables many children to attend school who could not otherwise do so, the 
advantages and the economy of this system stand out very clearly. This is appreciated by 
the education and health authorities. 

In the County of Fife, with a total population of 312,000, there are nine major and 
eight minor clinics. All seventeen are visited at least twice weekly for a half-day or more 
by a physical therapist who carries out the necessary treatment and supervision. The con- 
sultant visits the major clinies at monthly intervals and sees approximately forty patients 
at atime. At the consultant's visit, a nurse, an almoner, a physical therapist, and the par- 
ents are usually present, and often the family doctor and the school doctor as well. 

2. Minor Clinics 

Minor clinics are situated in the smaller villages and are usually held in a temporary 
accommodation, such as a room in a school, a church hall, or the like, on usually one or two 
afternoons a week. Here too, the patient loses no time from school. If there is a large num- 
ber of children at one school who can be cared for in classes, for instance, in foot classes, a 
physical therapist frequently holds a class in that school instead of at the clinic, in order 
to save school time. 

In certain cases, the children may be home-bound. They are then treated by the 
physical therapist at their own homes, for in each county the physical therapist has a car 
and goes around and sees patients in this way. 

Twenty or twenty-five years ago in this area, one frequently saw a patient with 
congenital elub-foot for the first time at the age of six. The mother had waited, she said, 
until the child “was stronger” and able to withstand the treatment! Now patients are 
brought along, and the condition is discovered right away. Very often, we see a child at 
the clinic before the mother is out of the maternity hospital. 

In this way, we are able to deal with all those cases that need early treatment. When a 
case of club-foot is discovered at the peripheral clinic, a physical therapist starts her 
treatment, the surgeon on his visit confirms the right treatment, and manipulation and 
splinting can be carried on at home. Thus, the child remains at home—the best place for 
him 

By the establishment of the major and minor clinics, it is also possible to get children 
who have been operated upon out of the Central Hospital fairly quickly, as it is known 
that they will continue to receive the treatment and supervision in their localities and that 
they will be under constant observation, possibly for vears, by the visiting surgeon. 
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In addition, most of the preventive work in static cases is done in these clinics. At 
least 60 per cent. of the patients can be successfully treated without going to a hospital. 
Therefore, the children have the advantage of getting satisfactory treatment while still 


living at home and still carrying on at school with their fellows. 


Discovery and Admission of Patients 


The children are referred to the peripheral clinie through a variety of sources—by 
the local practitioner or family doctor, from welfare clinics for pre-school children, by 


school medical officers, by midwives and schoolteachers, and, as the knowledge of what 


can be done becomes known, by the force of public opinion. 

As regards handicapped children found in maternity hospitals, the arrangement is 
that the obstetrician notifies the office of the county medical officer. A physical therapist is 
then sent to the hospital, and such treatment as is deemed necessary and practicable is 
carried out. After the infant leaves the hospital, he is taken to the orthopaedic clinic where 


he is seen by an orthopaedic surgeon. 
The Central Hospital and the clinics are in touch with other services, such as child- 


guidance clinics, speech therapy clinics, and spastic clinies, so that children requiring 


special investigation can be examined without delay. 

Health visiting nurses are in constant touch with families in their homes and any 
handicapped child who happens to have escaped the net of supervision of parents, senool 
medical officers, and others, is detected by these visitors and is referred to the clinic, either 


through a doctor or directly. 
From my experience of the working of the scheme, I can say that there is little chance 


of a child entering school with a deformity for which he has not already been referred to an 
orthopaedic clinic and no chance of a child with a disability leaving school without having 


been examined by an orthopaedic surgeon. 
To get some idea of numbers, these figures may be given in referring to one area of 
Scotland. In our Central Hospital, we take children up to the age of sixteen, and there are 
170 beds. 
In the associated major and minor clinics, numbering eighty, there are 8,000 children 
under supervision and treatment. There are, of course, beds in some of the peripheral 
hospitals for children, in addition to the 170 in the Central Hospital. 


Training for Employment 


At the moment, there are few settlements for training badly crippled children. There 
is one in our Region where girls can be taught sewing, bookkeeping, and the like, and there 


are several in England which take a certain number of patients from outside the country, 
where watchmaking, boot-repairing, and the like are taught. With the provision of more 
light industries and with the cooperation of employers, more and more cripples are being 


taken in to be actually trained in factories and offices. 
In placing older children in employment, the almoner’s efforts are often successful, 
augmented by those of the Disablement Resettlement Officer appointed by the Ministry of 


Labour. 


Cripples’ Aid Societies and Voluntary Bodies 


Under the Health Act, theoretically, local authorities are permitted, or are obliged, to q 
provide practically all services for the cripple, but they do not, in practice, do so in many 
areas, probably largely because of the lack of money. Voluntary bodies which have been in 
existence in some cases for a hundred years do a great deal to fill in the gap. Many of them ; 
run some form of sheltered workshop and hostel for a large mass of members. Some of 


them run ancillary homes of a semiconvalescent nature, and all work in the closest coopera- 


tion with the orthopaedic scheme. Under the Assistance Act, local authorities can employ 


36-A, NO. 6, DECEMBER 1954 


Vol 


eee 
. 


SYMPOSIUM ON CRIPPLED CHILDREN’S SERVICES 


1282 
those registered voluntary bodies as agents for employment purposes. This permits an 
expansion of an already existing good service to take place. The scheme in time will, I 
think, be completely adequate, but there are gaps in it now, due principally to lack of 
money. | foresee the time, however, when all potential or actual cripples will be found and 
efficiently treated. 
DR. SHANDS: Now we will hear from Mr. 8. Alan 8. Malkin of Nottingham about some 
of the problems in England 

As many of you will remember, Mr. Malkin was with us as President of The British 


Orthopaedic Association when we met in Quebec in 1948. 


‘Tue CARE OF THE CRIPPLED CHILD IN ENGLAND 
KY S. A. S. MALKIN, NOTTINGHAM, ENGLAND 


I am sure we have listened with the very greatest interest to this discussion of the 
problems which we all have to face. So many of them are common both to this country 
and to Great Britain. It is of the greatest importance that we should get together and help 
one another to solve them. 

When I first went to Nottingham, more than thirty years ago, to organize a scheme 
for the prevention of crippling conditions and the treatment and training of cripples, I 
remember talking over the matter with Sir Robert Jones. He was most anxious that the 
scheme should not be merely for crippled children. He felt that the real problem was 
with disabled people and that one should not confine one’s activities to children, who, 
after all, as time goes on, become adults and still sometimes require care; nor should 
people who become disabled by accident or disease when they are adults be excluded. So, 
today, in the remarks that I shall make, I shall refer not only to crippled children, but also 
to the disabled in general. 

In England, for the treatment of crippled children, we have an organization similar 
to that in Seotland, about which Prof. Mercer has spoken to you. Organizations on similar 
lines exist throughout Great Britain and in Northern Ireland. I think, as Prof. Mercer has 
said, that they work extremely well and ensure that every child can be seen by an ortho- 
paedic surgeon. 

Some of us are not quite happy about certain aspects of the work. For example, we are 
not sure what is the best treatment for cerebral palsy. Should children suffering from this 
condition be segregated? Should they be treated as out-patients? Should they be in special 
hospitals? Should there be special schools for them? | do not know the complete answers, 
but, at least, | can say that in Great Britain there is a great increase in public interest in 
these children. | hope that soon satisfactory answers to these questions will be found. 

We are anxious that the best should be done for children suffering from the effects 
of infantile paralysis and that the orthopaedic surgeon should be in the picture at the very 
earliest moment, while the child is still in the infectious stage and before he has reached 
the stage of being accepted at an orthopaedic hospital. This is because we feel strongly 
that orthopaedic surgeons should be in a position to help in the prevention of deformities 
and in the early treatment and assessment. We are also concerned in ensuring that, when a 
child does leave the hospital for infectious diseases, he should go to a center where there 
are full facilities for giving him the best possible treatment. 

As you probably know, as a result of the creation of the National Health Service, 
there have been established a greatly increased number of consulting centers throughout 
Creat Britain. Our concern is that the children who are in outlying districts should not 
stay there but should, in spite of the problems of distance and of visiting by their parents 
(which has been referred to today), be brought together in orthopaedic centers where they 
can be treated by the best available methods. 
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On the other hand, we are not quite sure that some of our methods used in the treat- 
ment of poliomyelitis are the best. The Medical Research Council has recently set up a 
working party under the chairmanship of Prof. Seddon, whom most of you know, to in- 
vestigate certain aspects of this problem. A few centers have been selected in Great Britain 
where research and treatment are to be carried out. I think that this will probably lead to 
some very good and useful work. 

In Great Britain, we are not troubled in the same way as perhaps some of you may be 
about the actual availability of treatment, because under the National Health Service, 
to which all contribute, all are entitled to the treatment they need. It is fair to say that 
crippled children receive, through the National Health Service, most of the things which 
they require. They receive treatment and they are supplied with appliances, and when 
needed, artificial limbs. 

The problem of crippled children’s services may be more one of providing education 
than of providing treatment. For those who cannot travel daily to school, special schools 
have been established,—some on a voluntary basis but supported by the Ministry of 
Education. North of Nottingham, there is one such school, which is under the control of 
the Central Council for the Care of Cripples. To this school, disabled children go; grants 
are made by the education authorities to pay for their maintenance and education. The 
organization of this school, [ am sure Dr. Gill will be pleased to hear, is in non-govern- 
mental hands and the control of it is completely non-governmental. It is true, of course, 
that a certain amount of inspection takes place, but we have found great cooperation and, 
I think, little if any difficulty in that respect. 

When the disabled children leave school, the education authorities are able to provide 
training to prepare them for work at which they can earn their living. Certain schools have 
been established for this purpose. 

There have, as you know, been great developments in the rehabilitation services con- 
nected with hospitals. At Harlow Wood Orthopaedic Hospital, Nottingham, as an example, 
we have a rehabilitation unit similar to the rehabilitation units which were developed for 
service men during the War. To this unit, men go for the final stages of treatment, so that 
when they leave the hospital, they should be able to return to their work without delay, 
that is, without the need for a long period of light work. 

In addition to this, the Ministry of Labour was empowered, in 1944, to provide what 
are known as Industrial Rehabilitation Units. These are units to which patients can go 
after the final stages of hospital treatment have been completed. They go for two purposes: 

1. To enable them to get back into the industrial atmosphere and to give them an 
opportunity to do, under easier conditions, the skilled work which they will have to do 
when they go back to their jobs; 

2. To see, if men are unfit to return to their pre-accident work, for what type of 
work they can be trained. From these units, if necessary, patients can be drafted to train- 
ing colleges, which in themselves, constitute advanced rehabilitation units. 

I have been very interested in helping to develop the Portland Training College for 
the disabled, which has been built next to Harlow Wood Orthopaedic Hospital where I 
work. This is a voluntary undertaking built with money voluntarily given; it works in 
close collaboration with the Ministry of Labour which provides funds for the costs of 
maintenance. Men can be sent there as soon as their hospital treatment has been com- 
pleted, or they may go, as | have already mentioned, by way of an industrial rehabilitation 
unit. 

There are also some sheltered workshops for people who are unable to take their 
places in the ordinary labor market. These are controlled by an official company called 
“Remploy’’, and are intended to provide remunerative work for very disabled people. 

There is a great feeling in Great Britain, that, even if a person is disabled, he still has 
some contribution to make to the life of the community and to his own upkeep. Even if a 
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man is able to do only 50 per cent. of a normal man’s work, it is far better for him to do 
that 50 per cent. than it is for us to say that, since he is unfit, he must be left alone. Most 
people in Great Britain who think about the problem feel that it is in the country’s interest 
for all to do what they are capable of doing. It is obviously preferable, from every point 
of view, to train the disabled to support themselves rather than to maintain them out of 
public funds. All this, however, involves a great deal of organization, and there can be a 
great deal of overlapping. 

In 1951, the Ministry of Health issued a circular which gave the local authorities 
power to do certain things for disabled people. Essentially, the plan was to enable the dis- 
abled to assist themselves to overcome the effects of their disabilities. The local authorities 
can give advice and guidance to handicapped persons on personal problems; they can 
encourage them to take part in the activities of social clubs; and they can endeavor to 
arrange for voluntary workers to visit the severely disabled, if it is needed. 

This power given to the local authorities is permissive and some, though not all, 
authorities have availed themselves of this opportunity to help the disabled. It was inter- 
esting that the circular specifically referred to the use of voluntary organizations for carry- 
ing out its provisions. This was probably done because it was felt that for local authorities 
to carry out all these provisions would be a most expensive matter and it was important 
to have the help of voluntary spirit and voluntary effort. 

So, in Nottingham and in other centers, were set up what are called Local Voluntary 
Associations to care for the welfare of the physically handicapped. These associations are 
representative of the local authorities and of all voluntary bodies concerned with the dis- 
abled. The objectives of these associations are to make and to maintain a record of the 
physically handicapped, to investigate the need for assistance, to act as coordinating bodies 
for all organizations interested in the welfare of the physically handicapped in the area, 
to cooperate with the appropriate bodies in working for the welfare of the physically 
handicapped, to appoint local committees or representatives wherever required, and to 
undertake such things as may be conducive to the welfare of the physically handicapped 
in the area under their control. The main objectives are, therefore, to see that the work is 
done and to prevent overlapping. 

The Nottingham Association includes representatives of the Red Cross, women’s 
organizations, and many others who are interested in the care and welfare of the crippled. 
The Association is acting as an agent for the Nottinghamshire County Council. I believe 
that the work it will do and the efficiency with which it will do it will mean a great deal to 
the disabled people in the County. Throughout the work for the rehabilitation of the dis- 
abled in Great Britain, it has become the accepted plan that there should be cooperation 
between Government Departments, local authorities, and voluntary bodies,—the Gov- 
ernment and local authorities, in the main, providing resources and some direction and the 
voluntary bodies providing occasionally capital and always the voluntary spirit and en- 
thusiasm which are vital in any undertaking. 

I have been most interested in all I have heard from other speakers. I feel that this 
Symposium will prove of great benefit to us all. Points have been brought forward which 
some of us have not thought of previously. There is no doubt that, to make our work as 
orthopaedic surgeons really effective, we must think of our patients not as orthopaedic 
problems only, but as personal problems. We must not rest content until (however suc- 
cessful the treatment we have carried out may be) the patient has returned to his place in 
the community as an active and effective worker. This is a platitude, but it is worth re- 
peating. It is really a re-statement of a first principle—a principle which was the guide of 
that great orthopaedic surgeon, Sir Robert Jones, who meant and still means so much to 
many of us on both sides of the Atlantic. I realize that what I have given is a bare outline 
of the position in Great Britain, but I do appreciate very much the opportunity to take 
part in this discussion. 
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DR. SHANDS: Thank you very much, Mr. Malkin. I certainly wish you the greatest of 
success in your coordinating agency which I feel is one of the most important activities 


that has been brought out in this Symposium. 
Now, the next distinguished speaker on the program is from Greece: from Athens. 


Last year he was made a Corresponding Member of our Association. We will hear from 
Dr. Garofalides of Athens. 


CRIPPLED CHILDREN’S SERVICES IN GREECE 


BY THEODORE GAROFALIDES, M.D., ATHENS, GREECE 


The Hellenic Society for Crippled Children began to take shape in 1948, through the 
tireless efforts of the lady members of the Society and especially through the endeavors 
of the President of the Society, Mrs. N. Mikroulakis. 

The Hellenic Society for Crippled Children was founded in 1937 through the combined 
aid of the Near East Foundation and the Greek Rotary Club. From 1937 to 1947, the 
Society’s activities were carried out with the cooperation of the Near East Foundation, 


which helped the Society financially. 
The function of our Society is to provide for: 
1. The medical supervision of crippled children by orthopaedists, pediatricians, and 


other specialists. 

2. The treatment, in our medical center, of crippled children by means of physical 
therapy, massage, and electrotherapy carried out by personnel who were trained and 
supervised in every respect by the English physical therapist, Miss Collier. At present, the 
work is performed by six women well trained in the principles of physical therapy and by 
two physical instructors. In the summer, the children of the center, as well as other chil- 
dren, go to a special camp where they take part in outdoor activities for the improvement 


of their health. 
3. The hospitalization of children who are in need of surgery in special hospitals in 


Athens. 
4. The manufacture and fitting of prostheses and braces in a shop owned and operated 


by the Society. 

Through generous contributions, financial and otherwise, the Near East Foundation 
and the American Mission for Aid to Greece have sent us electric machines and tools for 
our brace shop, which is the only one in Greece for the manufacture of children’s app!i- 


ances. 

Please bear in mind that our rehabilitation center and shop are very poor in appear- 
ance and are not spacious, but we try to achieve the best possible results with whatever 
means we possess. By visiting your wonderful country every year, we try to transplant to 


our organization your methods. 

Despite our difficulties and our economic burdens, our Society is expanding its work 
in the rehabilitation of crippled children: The number of crippled children who reported to 
our Society in 1949 was 988; in 1950, 1,675; in 1951, 2,489; in 1952, 2,281; and for the year 
1953, 2,334. This increase in the number of patients cared for shows the activity and use- 
fulness of the Hellenic Society for Crippled Children, as well as the confidence of the disabled 
in the work done by the Society. There is also considerable activity in the social rehabilita- 
tion of the children. Many of them are placed with private families in Athens for the 
duration of their treatment; and while they are with these families, they are under the 


supervision of two of our visiting nurses. 

In conclusion, I wish to thank you for having elected me member of your honored 
Association and I am particularly proud as it is the first time that Greece has been repre- 
sented in your Association. I hope that this will inaugurate a lasting medical relationship 
and contact between your great country and my own. 
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Tue Orruoparpic RESEARCH SOCIETY 


The First Annual Meeting of The Orthopaedic Research Society will be held in Los 
Angeles, California, on the Saturday pre. eding the opening of the Annual Meeting of The 
American Academy of Orthopaedic Surgeons. The program calls for a morning scientific 
session, and a business meeting in the afternoon at which the Constitution and By-Laws 


will be adopted and a permanent organization completed. This meeting will mark the 
realization of the hopes of its founders for the establishment of a society dedicated wholly 
to the promotion of orthopaedic research, and membership is open to any qualified 
physician or other scientific worker engaged in worth-while investigation in this field. 

In addition to the usual officers and membership and other committees, the Constitution 
provides for an Advisory Council composed of five Senior Members serving for terms of 


five years. It will be the duty of this Council to pass upon the merits of various research 


projects submitted to it and to advise investigators as to ways and means of achieving 
their objectives. Youth is considered important in the organization and this is emphasized 
by the provision in the Constitution that all members reaching the age of fifty shall be 
retired to the rank of Senior Members. On the other hand there is no requirement concern- 
ing the age of applicants for membership, and it is hoped that many men will be able to 


qualify before completing their orthopaedic training. 

The purpose of the Society is to encourage research among young men entering the 
specialty of orthopaedic surgery, and it is hoped to accomplish this by providing a forum 
where men may present reports of work in progress and a meeting ground where they 
may exchange ideas and benefit from learning of methods and techniques that have proved 
helpful in the hands of others. It is hoped that men who are working on similar projects 
will be able to get together and to share experiences for the benefit of all. The Society 


will not have funds for the support of research projects, but it is hoped that the endorse- 
ment of a project by the Society or by its Advisory Council will be helpful to the worker 


in obtaining financial assistance from foundations or public sources. 

The thoughts that lay behind the organization of this Society were several. First 
was the feeling that orthopaedic research has lagged, in spite of the tremendous increase 
in the number of men entering the orthopaedic specialty. This idea had been suggested 
by an analysis which showed that too few reports of research were being published. Reports 
had been heard of difficulties encountered by the Program Committees of the national 
orthopaedic organizations in getting together programs containing a high enough propor- 
tion of papers of a fundamental scientific nature for the various meetings. There is no 
doubt that the men who are entering upon their orthopaedic training have had previous 
education of the finest quality and are of the highest ability. These men did excellent work 
during their periods of residency training, were required to study extensively, and fre- 
quently wrote papers of high order for presentation among their colleagues. It was felt 
that perhaps the failure of some of these men to continue with research after entering 
practice is in part due to lack of encouragement and fear that whatever they undertake 
will not be worth while and partly due to lack of counsel and advice. Yet these men in 
their first years of practice have more time for research than they will have ever again 
in their lives. It seemed that a society devoted entirely to research, to which they would 
be eligible for membership, might provide an answer to their problem. Fellowship with 
other young men in similar positions in a research society might do a great deal to counter- 


act the feeling of discouragement and loneliness that many of these men experience. It 
would also serve as an inspiration for men who were still in training or in junior staff 


positions in teaching hospitals 
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The question of how an orthopaedic research society would fit in with other existing 
national organizations, such as The American Academy of Orthopaedic Surgeons and The 
American Orthopaedic Association, was also considered. It was felt that there should be 
no problem here as the purpose is different and membership is not exclusive in any of 
these societies. It was also thought that the programs would not be competitive, since 
most of the reports before the Research Society would be of work in progress and later, 
when the work had been completed, these might properly provide material for the general 
programs of the other societies. 

Plans for an orthopaedic research society first began to be discussed among some of 
the founding members in 1950, and in 1951 a tentative organization was formed with 
Dr. Dallas B. Phemister as provisional President and Dr. Philip D. Wilson as Secretary. 
It was planned to hold an organizing meeting during the Annual Meeting of The American 
Academy of Orthopaedic Surgeons in Chicago in January 1952. The untimely death of 
Dr. Phemister shortly before that Meeting led to postponement of these plans, and the 
organizing meeting was held instead in January 1954, at a luncheon in the Palmer House, 
Chicago. A tentative organization was set up with Dr. Paul C. Colonna as President and 
Dr. Charles H. Herndon as Secretary. A Committee on Constitution and By-Laws was 
appointed with Dr. William T. Green of Boston as Chairman. This Committee reported 
to the Executive Committee during the meeting of The American Orthopaedic Association 
at Bretton Woods in July 1954, and the draft of the Constitution and By-Laws was 
approved. A number of members were elected and it was provided that those of the 
founders who were over-age would retire to senior membership as soon as the membership 
attained a certain size. 

Thus another step in the organization of American Orthopaedic Surgery has been 
taken, and it is earnestly desired that the results will justify the hopes and labors of its 


founders. It is a happy coincidence that this Society should be born just at the time that 
the Orthopaedic Research Foundation should first see the light. These two are sister 
organizations seeking the same objective by different methods. They should work closely 
together but independently. 

Each will be able to reinforce the efforts of the other in promoting more extensive 
and better research in the orthopaedic field. 


Philip D. Wilson, M.D. 


THE OrTHOPAEDIC RESEARCH FOUNDATION 


It has long been recognized that one of the major responsibilities of a branch of 
medicine is the pursuit of research on its problems. In order to squarely face this respon- 
sibility, the members of a specialty must give both encouragement and financial assistance 
to its research-minded members and others interested in its investigative projects. 
Unfortunately, sufficient funds have not always been available to finance all worthy 
projects in orthopaedic surgery, particularly projects being carried on by orthopaedists 
themselves. 

Realizing that action should be taken, The American Orthopaedic Association, 
through its Research Committee, in the fall of 1953, made a questionnaire survey of 
research being performed and desired to be performed by orthopaedic surgeons, as well as 
of its costs. This survey showed that there were 189 orthopaedists in 150 institutions work- 
ing on 290 projects at a total expenditure of approximately $736,800. There were many 
investigative projects which were not being pursued by these same orthopaedic surgeons 
because of lack of time, personnel, and funds. The approximate amount of money needed 
for the deferred projects was $600,000. Undoubtedly some money is available for these 
investigators from the present sources of research funds, but it is not likely that over 
one-half million dollars could be obtained for orthopaedic research. 

To meet this very real need an orthopaedic research foundation is proposed, a 
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foundation which will collect and distribute funds for research and education in ortho- 
paedic surgery and which will be under the direction and control of the orthopaedic 
surgeons 

In May 1952, the idea for an orthopaedic research foundation was presented to the 
Orthopaedic Committee of the National Research Council, of which Dr. Harold A. Sofield 
was then Chairman. This idea was approved by this Committee as well as by the Director 
of the National Research Council, but nothing further was done at that time. 

In January 1954, following the above-mentioned survey, a plan for the organization 
of such a foundation was presented to the Executive Committee of The American Ortho- 
paedic Association. This plan was approved in principle, and the formation of a joint 
committee was authorized with instructions to proceed with plans for the organization 
of such a foundation. This joint committee was composed of two representatives each 
from The American Academy of Orthopaedic Surgeons, The American Orthopaedic Asso- 
ciation, and the Orthopaedic Research Society, and one from the Skeletal System Com- 
mittee of the National Research Council *. Articles of Incorporation and By-Laws for 
The Orthopaedic Research Foundation were prepared by the joint committee and pre- 
sented to the Executive Committee and the membership of The American Orthopaedic 
Association at its last meeting in June 1954. These were approved in principle. Following 
this meeting many pertinent suggestions were made for improvement of the By-Laws. 
With these suggestions in mind, the Articles and By-Laws were redrafted by the legal 
counsel in Cleveland who had drafted the original Articles of Incorporation and By-Laws 
for the American Urological Research Foundation, a two-year-old foundation of a sister 
specialty. These revised documents have now been approved in principle by the Executive 
Committee of the Academy and will be presented to the full membership of the Academy 
at an Executive Session at its 1955 Meeting. If they are approved in principle by the 
membership of the Academy, the joint committee will then work out the final details 
for the organization and operation of such a foundation and proceed with its formation. 

What is being planned is a non-profit foundation for tax-exempt gifts to which every 
orthopaedic surgeon, patients, friends of orthopaedic surgery, medical commercial houses, 
and others may contribute. Its activities are to be “in the support of scientific research 
and education in orthopaedic surgery’’. The Foundation will be legally sponsored and 
organized by The American Academy of Orthopaedic Surgeons and The American Ortho- 
paedic Association. Each society will have three members on the Board of Trustees who 
will be elected by the respective society for terms of not less than three years. There will 
be an Advisory Council, limited to fifty, composed of professional persons who have 
actively engaged in orthopaedic research, or research in allied fields, and lay persons who 
have manifested an unusual interest in orthopaedic research by financial contributions 
or otherwise. Requests for grants will be carefully screened by an especially selected com- 
mittee upon which will be one trustee. Provisions have been made for the receipt of gifts 
for worth-while research projects specified for named institutions or named investigators. 
Such organizations as the National Research Council will be called on for advice on 
applications for grants when necessary. The main office of the Foundation will be an 
integral part of the present Central Office of the Academy, thus minimizing overhead 
expenditures. 

For the success of this new major activity in orthopaedic surgery, every member of 
the specialty must feel that this is his Foundation and have a deep sense of responsibility 


* Joint committee for the organization of an orthopaedic research foundation includes: 
For The American Orthopaedic Association, James A. Dickson, M.D., Fremont A. Chandler, M.D.; 
For The American Academy of Orthopaedic Surgeons, Joseph 8. Barr, M.D., Francis M. McKeever, 


M.D.; 
For the Orthopaedic Research Society, Philip D. Wilson, M.D., Paul C. Colonna, M.D.; 


For the Skeletal System Committee of the National Research Council, A. R. Shands, Jr., M.D., 
Chairman. 
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for its weifare. It should become the strongest force for progress and development which 
the specialty has ever had. Once the Foundation has become a reality, the whole-hearted 
support of every orthopaedist will be needed to ensure its success. Nothing short of a 
complete success is the earnest desire of all who have been developing this progressive, 
if not momentous, step for orthopaedic surgery. 


A. R. Shands, Jr., M.D. 


ORTHOPAEDIC RESEARCH 


It is logical that the recently formed Orthopaedic Research Society and The Ortho- 
paedic Research Foundation should have had their inception at about the same time. 
Each has arisen out of the need of furthering fundamental studies in orthopaedic surgery 
if the specialty is to keep its position in the rapidly growing science of surgery. Each 
organization has as its objective the promotion of basic investigation, but strives to attain 
its goal by different means. 

For a number of years, orthopaedic surgeons have been growing increasingly conscious 
of the need of greater interest and achievement in basic studies. In one group, especially 
research-minded, ideas of how best to foster fundamental investigation in orthopaedics 
took shape in the form of a research society, and, largely through Dr. Wilson's efforts 
and those of the late Dr. Dallas B. Phemister, it was decided to establish such an organiza- 
tion. The organizational meeting of the Society was held last January. 

While plans for the Society were being made, the same problem was being approached 
from a different angle by a different group. The report of the Research Committee of The 
American Orthopaedic Association of their survey to determine what orthopaedic research 
was actually being done in the United States and what additional research would be 
done if sufficient funds were available pointed out the need for better organization of 
research facilities and for more funds to implement prospective studies. 

Information received from the Skeletal System Committee of the National Research 
Council indicated that, up to a year ago, there were on file 336 research projects relating 
to the musculoskeletal system, of which 205 were being conducted by Government agencies 
and 131 by non-government agencies. Only twenty-two of the projects listed were being 
conducted under the direction of an orthopaedic surgeon. A total of $5,500,000 was being 


spent on these projects at that time. 

To meet needs so evident, the plans have been made for the establishment of The 
Orthopaedic Research Foundation in large part through Dr. Shands’ efforts. The two 
organizations are thus mutually beneficial; one complements the other. 

The By-Laws of the Foundation, as currently drafted, will be published in the next 
issue of The Bulletin of The American Academy of Orthopaedic Surgeons and will be 
voted upon in principle by the membership at the Annual Meeting of the Academy in 


January 1955. 

The objectives of The Orthopaedic Research Society were defined in detail at the 
preliminary meeting: to stimulate the specialty to do more basic research, to promote the 
exchange of original ideas, to provide a means of keeping investigators who are interested 
in orthopaedic research informed of work in progress in other laboratories, thereby avoid- 
ing duplication and fostering collaboration, to study means of financial support of research, 
to advise young investigators regarding financial aid, and, lastly, to make available priv- 
ileges of membership to young men interested in orthopaedic research even before they 
are eligible for membership in other societies —possibly even while they are still residents. 

The provisional Constitution and By-Laws, tentatively adopted at the organizing 
meeting of the Society, have been somewhat modified following discussions at interim 
committee meetings held at Bretton Woods last June. These modifications are now in 
the draft form of the proposed Constitution and By-Laws which will be presented for 
final approval at the next Annual Meeting of the Society to be held in Los Angeles on 
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January 29, 1955. As drafted, the Constitution provides that membership be of two 
classes, Senior and Active. Senior members would be those over fifty years of age, quali- 
fied by reason of “previous scientific accomplishments and performance in orthopaedic 
surgery or related fields, and interest in the training and development of young ortho- 
paedic surgeons”. “‘ Active members shall consist of orthopaedic surgeons or other inves- 
tigators who have been elected to the Society on the basis of previous scientific accom- 
plishment and continued activity in the field of research.’’ Of special importance in the 
over-all plan of organization is the Advisory Council of five elected Senior Members each 
to serve for five years, one member retiring from the Council every year and one being 
elected to it. Among its functions, the Advisory Council would serve “to advise any 
investigator concerning problems encountered in research”’ and “to make recommenda- 
tions to The Orthopaedic Research Foundation and similar organizations, regarding the 
financial support of specific research projects” 

On the subject of application for membership, the proposed By-Laws read in part 
as follows: “Applications for membership must be sponsored and seconded by a member 
of the Society. It will be the duty of the Membership Committee to review the applica- 
tions and to make specific recommendations to the membership. It is recognized that 
under some circumstances there may be applications for membership submitted to the 
Membership Committee with no sponsor.” 

“There shall be an Annual Meeting of the Society. . . . The program shall consist 
of a scientific session at which reports of research are presented by the members and 
invited guests and an executive session at which the business of the Society is transacted.”’ 

While organized efforts to develop a vigorous research program were being made by 
orthopaedic surgeons, the American College of Surgeons, in 1952, extended its very suc- 
cessful Forum on Fundamental Surgical Problems to include a section on orthopaedic 
surgery under the chairmanship of Dr. J. Albert Key. The Forum is conducted each year 
at the Annual Meeting of the College. The papers presented and the open discussions 
that have developed at the Forum meetings have proved to be extremely worth-while. 


The Editor 
ANNOUNCEMENT 


The First Annual Meeting of The Orthopaedic Research Society will be held in the 
St. Louis and Foy Rooms, Hotel Statler, Los Angeles, on Saturday, January 29, 1955. 


It is planned to'hold a Scientific Session in the morning and an Executive Session in the 


afternoon. All interested members of the medical profession are invited to attend the 


Scientific Session. 
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AMERICAN MEDICAL ASSOCIATION 
SECTION ON ORTHOPAEDIC SURGERY 


The Annual Meeting of the American Medical Association was held last June in San Francisco, Cali- 
fornia. The Section on Orthopaedic Surgery met on June 22, 23, and 24, under the chairmanship of Dr. Charles 
N. Pease. The following are summaries of the papers presented at the three meetings of the Section: 


Tuespay, JUNE 22 

Skeletal Lesions in Coccidioidomycosis. Dr. Ropert Mazer, Jr.', reported that coecidioidomycosis, an 
infection caused by the fungus Coccidioides immitus, is endemic in southwestern United States and in northern 
Mexico. The portal of entry is usually through the respiratory tract. The primary or pulmonary stage is 
generally a mild, self-limiting pneumonia; the disseminating or granulomatous stage occurs in only 0.2 per 
cent. of the cases. Dissemination is more common in males, and practically any organ or tissue may be 
involved. Skin manifestations, such as erythema nodosum or erythema multiforme, are seen in 20 per cent. 
of the patients with disseminating coecidioidomycosis; these manifestations are seen more often in females. 
Bone and joint involvement, the exception rather than the rule, occurs during the disseminated phase. The 
bone lesions seen in the roentgenograms are similar to those seen in patients with tuberculosis. They may be 
multiple. The diagnosis is established by the identification of the organism through examination of biopsy 
specimens or culture. There is associated fever, an elevated sedimentation rate, the rapid development of 
the lesions (within a few weeks), and positive complement-fixation and precipitation tests. The author 
reviewed twenty-two patients with skeletal involvement seen in a six-year period. The mortality rate is 
normally higher in colored patients than it is in white patients. In his series, ten of thirteen Negroes died, 
while only one of eight white patients died. A roentgenogram was shown; in it was seen the lesion in the 
fourth cervical vertebra which brought about a patient's death in twenty-eight days after the onset of symp- 
toms. No specific treatment is known for this condition. Nystatin has shown promise experimentally in 


clinical trials. 
The discussion by Dr. Lewis N. Cozen ? and Dr. Pau McMaster * emphasized the high mortality 
rate (five deaths in fifteen of their patients). Two of their patients were treated by amputation and two 


by excisional surgery. 


Diabetic Neuropathic Arthropathy of the Feet. Dr. 8. and Dr. F. Licurman 
reported that, in recent years, the number of patients with diabetes mellitus manifesting neuropathic changes 
in the joints of the foot has far outweighed the number of patients in whom such changes are caused by 
syphilis. Thirty cases of diabetic neuropathic joints have been reported in the past ten years; to this number 
the authors add fifteen. The diabetic foot is frequently enlarged and shortened, usually painless; sometimes, 
however, there are areas of soft-tissue swelling, with areas of necrosis. Characteristically, the foot is flat, 
everted, and externally rotated. The pulse may or may not be diminished. The neurological changes usually 
found in other conditions causing neuropathy are absent. The roentgenographic picture of the foot is not 
always typically that of the neuropathic joint. The authors think that, in the presence of diabetes mellitus, 
a painless foot, with valgus deformity, loss of vibratory and position sense, and diminished reflexes, in which 


physiological trauma produces a progressive valgus deformity, with abnormal widening, flattening, and 
inversion, and in which there is evidence of hypertrophic or atrophic bone changes, is typical of diabetic 
neuropathic arthropathy. There is usually pronounced secondary anaemia which is thought to be of etiological 
significance and which should be corrected. Treatment is most often conservative; surgery is possible only 


in exceptional instances. 


The Clinical Significance of the Transitional Lumbosacral Vertebra. Dr. FRANK KE. Stincurie.p § and Dr. 
WILLIAM SINTON 7 reviewed the lumbosacral vertebrae in one hundred consecutive patients who had been 
operated upon for back pain at the New York Orthopaedic Hospital. The operations in these patients repre- 
sented, roughly, 10 per cent. of the 920 spine fusions done at the Hospital from 1942 to 1951. They attempted 
to evaluate the role of the transitional lumbosacral vertebra in respect to low-back pain with sciatica, In 


reviewing the roentgenograms, they found that it was impossible to predict whether little or much motion 
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would be found to be present at the sacralized vertebra which was to be examined at operation. At least 
thirty-one patients had greater mobility at the vertebra than that expected from an examination of the 
roentgenograms. True sciatic radiation was seen in 58 per cent. of the patients; in 7 per cent., this was 
bilateral. Of the definitely herniated dises found at operation, all but one occurred at the level above the 
transitional vertebra. The one instance of a herniated disc at the level of the transitional vertebra was possible 
because of a very mobile transitional vertebra. There were fifteen patients who were subjected to exploratory 
procedures; in these, no herniation of the disc was found. These patients were treated by fusion, and thirteen 
became symptom-free. The authors explained the sciatica in the absence of a dise herniation by the hypothesis 
that there was an inflammatory arthritic process of the joint above the level of the transitional vertebra. 


The Use of Iproniazid in the Treatment of Non-Tuberculous Bone and Joint Infections. Dr. Davin M. 
Bosworrn *, Dr. J. W. Frecoine *, Dr. Guzman Acosta and Dr. L. M. Demarest presented 
a report on twenty-one patients with non-tuberculous lesions of the skeletal system who had been treated 
with iproniazid over a two-year period. The bone lesions had not done well under the usual antibiotic therapy. 
All antibiotics had been discontinued, and treatment with iproniazid was begun. There were three children 
and eighteen adults. Clinical improvement in these patients was striking. They felt better, ate better, and 
gained weight. The wounds healed, even though the mixed infection could be cultured from most lesions 
until healing had occurred. Iproniazid did not destroy the organism, but it seemed to reduce its toxicity and 
vitality. In the seventeen patients with osteomyelitis who had been treated with iproniazid, thirteen lesions 
healed. Three of the unhealed lesions had drained from ten to twenty years. The dosage was four milligrams 
per kilogram of body weight a day, but it is believed advisable to commence the drug in some patients at 
three milligrams per kilogram of body weight a day until it is seen how well iproniazid is tolerated. 
Patients under treatment with iproniazid tolerate anaesthesia well. Dr. Bosworth and his associates think 
that therapy should be continued for several months after the lesions had healed. In two patients, toxic 
psychoses developed; in three, there was slight liver damage. Because of the greater toxicity of iproniazid, 
as compared with that of isoniazid, therapy with this drug should be begun under hospital supervision. When 
the dose has been standardized for a particular patient, administration of the drug can be safely carried out 
by means of frequent visits to the out-patient clinic. Dr. Bosworth and his associates feel that chemotherapy 
is still the best means of treatment for pyogenic infections. Iproniazid is a valuable adjunct in some resist- 
ant cases. Although it is specific against the tubercle bacillus, it is not specific against other organisms. The 


precise mode of its action is not known. 


Metastatic Lesions Simulating Rupture of a Lumbosacral Intervertebral Dise. Dr. Ricnarv T. Ope 
and Dr. J. ALBert Key ™, in discussing the symptomatology of the ruptured intervertebral disc, drew atten- 
tion to the variation in neurological signs, symptoms, and roentgenographic findings. They were not sur- 
prised, in their large series of 1,200 operations, that they had seen nineteen patients with malignant tumors 
involving the bony spinal canal and causing nerve-root pressure. In twelve of these, the low-back pain and 
sciatica were caused by metastatic carcinoma (three from the prostate, two from the kidney, two from 
the cervix, one from the anus, one from the breast, one from the lung, one from the thyroid gland, and 
one from the vagina), while in seven patients the symptoms were caused by a primary tumor (in two, chon- 
drosarcoma, in one a fibrosarcoma, in one a giant-cell tumor, in one Ewing’s tumor, and in one an osteogenic 
sarcoma). They drew attention to the fact that in eleven patients nothing abnormal had been noted in the 
roentgenograms made when the person first came under their care, although, with hindsight and with the 


passage of time, subsequent roentgenograms showed bone changes. They noted that the vertebrae may be 
extensively invaded by metastases and yet not show bone destruction in the roentgenograms. They quoted 
the findings of Young and Funk in patients dying of carcinoma that 41 per cent. had metastatic lesions in 
the vertebrae; in only a few of the patients were the lesions seen in the roentgenograms. They do not believe 


that it is possible to avoid an occasional erroneous diagnosis and, at operation, to find a metastatic lesion in 
place of a herniated dise. They justified operation for relief of nerve-root pressure which causes symptoms 
and stated that four of nine patients in their series obtained relief from pain because of the erroneous diag- 
nosis, whereas four of ten patients had been operated upon as a positive measure with the full realization 
that a metastatic lesion was probably present 

Dr. J. Vernon Luck “ teased Dr. Key about some earlier doubts which he had expressed on whether 
or not a herniated disc really existed but lauded him for his present approach to the problem and concurred 


in the operative removal of metastatic lesions causing symptoms. 
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Dr. Geracp G. Gitt™ emphasized the danger that myelography may cause subsequent arachnoidal 
symptoms or cysts. He agreed that an aggressive surgical attack upon these lesions gives a more exact diag- 
nosis of the metastatic deposit and affords a surgical decompression, giving the patient symptomatic relief. 


The Prevention of Delayed Union or Non-Union in the Treatment of Fractures. Dr. anv L. Compers 
reported that chemicals, hormones, and vitamins are of little value in preventing delayed union or non- 
union. He thinks that local factors are more important and that the physician is often at fault in not 
controlling these. Distraction, caused by too much traction or by the bone ends being held apart by a metal 
plate, is a frequent cause of non-union. Poor reduction, either due to faulty technique or to interposition of 
soft tissues, is another common cause; inadequate immobilization is a third cause. Avascularization of the 
fragmented ends, by trauma or by constricting wires and bands, may also be a cause. Dr. Compere noted 
that a little motion is supposed to stimulate callus formation, such as that in treatment in a hanging cast or 
in Russell traction; he did not attempt to define when this ‘little’? motion became inadequate immobiliza- 
tion. He feels that compression of the fragmented bone ends is useful in obtaining union and that compression 
can be effected by means of an intramedullary nail or an Egger’s plate. The use of osteoperiosteal bone- 


graft slivers tended to hasten union. 

In the discussion, Dr. FRANK G. Murpuy " noted that, since 1937, the number of fractures treated in 
Cook County Hospital had decreased by about two-fifths but that the number of non-unions had increased 
by two and a half times. He attributed this largely to unwarranted operative interference. 

Dr. R. Urisr preferred the use of the term “separation” rather than “‘distraction,” 
because oblique fractures which are overpulled heal well if contact of the fragments is maintained. He feels 
that motion, as well as separation of the fragmented ends, is a strong factor in non-union, and he stated that, 
regardless of the cause, the actual mechanism of non-union in all instances is the development of fibrinoid 


degeneration in the callus. 


WEDNESDAY, JUNE 23 


The Use of Internal Fixation in Compound Fractures of the Extremities. Dr. H. Puttar Doun © held that 
high-speed automobiles and the mechanization of the farm and factory have resulted in a greater number of 
compound fractures. Many compound fractures are accompanied by considerable damage to skin and other 
soft tissues. Of 323 compound fractures, the author had treated 200 by some form of internal fixation as 
primary treatment. Plates and screws were used in some; screws were used alone in others, and transfixion 
pins or intramedullary fixation was used in a few. The time of the operation varied from half an hour after 
injury to fourteen hours after injury. Fracture was in the lower extremity in 68 per cent., and, of these, the 
tibia and fibula were involved in 80 per cent. The great majority of the fractures were at the level of the 
junction of the middle third and lower third of the shaft. Of the compound fractures, 10 per cent. involved 
the femoral shaft. Most of the compound wounds he saw occurred from within outward. 

Four aspects in the operative therapy were stressed, — complete débridement, thorough irrigation, 
removal of all devitalized tissue, and firm fixation with a minimum amount of metal. The wounds were 
usually closed and were supported in a circular plaster cast. Antibiotics were used routinely, postoperatively. 
In the 209 compound fractures treated in this fashion, postoperative infection, with drainage, developed 
in 17 per cent., but in only two instances did the author feel that frank osteomyelitis had ensued, Four 
patients required skin-grafting; amputation was necessary in three. The average length of hospitalization 
following treatment of a compound fracture was two weeks. The average time before the patient returned 
to work was six months for those with tibial fractures and was nine and a half months for those with fractures 
of the femur. Dr. Dohn believes that the incidence of infection in this series was no higher than it would 
have been in a series of similar injuries treated without internal fixation. He believes that union occurred 
as rapidly with this method as with other methods of therapy. Non-union of the fractured femur occurred 
in 20 per cent. and of the fractured tibia, in 19 per cent. 


Pigeon-Breast, Funnel-Chest, and Other Congenital Deformities of the Anterior Chest Wall. Dr. CHARLES 
W. Lester * pointed out that pigeon-breast is a protrusion deformity of the sternum which usually occurs 
in the mid-line or it may be lateral and involve the costochondral junction. It may occur in such a way 
that the sternum protrudes obliquely. He believes, as a result of his studies, that disproportionate growth 
of the ribs can account for all the various protrusion deformities. This explains why the deformities seldom 
occur in children until they are four or five years of age and why the deformity increases as long as growth 
continues. As some ribs grow proportionately longer in some than in others, the sternum is buckled along 
the costochondral junction and is pushed forward in an arc. If overgrowth of the lower ribs occurs, the lower 


4% 655 Sutter Street, San Francisco, California. 
116 North Michigan Avenue, Chicago 3, Illinois. 
179204 Commercial Avenue, Chicago 17, Illinois. 
‘8 1019 Gayley Avenue, Los Angeles 24, California. 
19 525 Seventh Street, Eureka, California. 

2070 East 80th Street, New York, N. Y. 


VOL, 36-A, NO. 6, DECEMBER 1954 


4 
are 


1204 PI OCEEDINGS 


end of the sternum is forced to protrude more than is usual. Disproportionate growth of the ribs of one side 
may cause the oblique type of deformity. Patients with the oblique type of deformity often have symptoms 
referable to the cardiorespiratory system, such as chronic cough, wheeze, and exercise intolerance. They 
may appear thin and undernourished. The heart symptoms are explained on the theory that the large space 
between the heart and the sternum allows the heart to rotate during systole. This motion is transmitted to 
the great vessels and acts to constrict them just at the time they should be carrying a greater load. Surgical 
correction is based on the principle of thorocoplasty. Twenty-one operations were performed on seventeen 
patients and resulted in the correction of the deformity, correction of the physical limitations, and satisfac- 
tion of the patients. For mid-line deformities, the sternum is resected subperiosteally from the xyphoid to 
the second sternal segment. The posterior periosteum is left intact, and most of the anterior periosteum is 
preserved, The involved ribs are resected subperichondrially. The protrusion disappears and the cartila- 
ginous and bony sectors regenerate in a normal position. Since the removed bone is in the mid-line, no para- 
doxical respiratory motion develops. In lateral deformities, the protruding portion of the ribs is dissected, 
and the same effect is achieved. Since rather extensive removal of the ribs may be necessary in some patients, 
the operation can be done in two stages in order to prevent paradoxical respiratory motion. 

Funnel-chest is caused by a depression deformity and is characterized by a funnel-shaped depression, 
with the deepest point at the level of the xyphoid. It is usually present at birth; but, since the bony structures 
are relatively normal at this time, the depression is seen only on inspiration when the child cries. It is caused 
by a short central tendon of the diaphragm, as originally described by Brown. The deformity becomes worse 
with subsequent growth of the child. Since the shortening of the tendon of the diaphragm is not always 
confined to the mid-portion, one side of the sternum may be pulled inward more deeply than the other. The 
depression of the sternum displaces the heart into the left portion of the chest, and, in marked cases, inter- 
feres with its action in much the same manner as does constrictive pericarditis. If the heart does not move 
into the left portion of the chest, even a mild depression can produce definite heart symptoms, with changes 
seen on the electrocardiogram and a systolic murmur. These changes may vary from minimal to those which 
cause the patient to become bedridden or even to die. Most patients exhibit some degree of exercise intoler- 
ance, are underweight, and have poor posture. The vital capacity of the lung is frequently decreased by 25 
per cent. An ineffectual cough is common; it is caused by the restricted motion of the diaphragm. The treat- 
ment of the funnel-chest deformity is surgical. 

The radical operation for funnel-chest is done after the age of three, when the deformity has become 
established. [It consists in the subperichondrial resection of the seventh to the third costal cartilages from 
the sternum, a transverse wedge osteotomy is done across the third sternal segment. The xyphoid is detached 
from the sternum, together with the intervening intercostal bundle. The substernal ligament is divided com- 
pletely, and the ventral mediastinum is entered. The loose tissues are pushed off from the posterior section 
of the sternum, and the sternum is elevated by breaking it along the line of the wedge osteotomy. The posi- 
tion of the sternum is maintained by the simple suture of the periosteum across the osteotomy site. In some 
patients, however, it seems safer to pass a pair of stainless steel wires under the sternum, from side to side; 
these are attached externally to a transverse metal support or ladder. This outside support prevents para- 
doxical respiratory motion during crying and coughing; it may be removed in ten days. Occasionally, in 
place of the steel wires, a section of the rib is passed beneath the sternum and is anchored to the resected 
ends of the fourth ribs, as described by Daley. This method of fixation is valuable in women whose breasts 
interfere with the proper application of the external support. 

A modification of the radical operation is used in children between the ages of fifteen and thirty 
months. In this, the cartilages are resected, and the wedge osteotomy is done at a lower level. Suturing of 
the periosteum across the osteotomy usually maintains the position of the sternum. 

The simple operation, as originally described by Brown, is used only to relieve the pull of the diaphragm. 
It is accomplished by resecting the second costal cartilages and the costal arches, by detaching the xyphoid 
and the seventh rib beds from the sternum, and by transecting the substernal ligament. This operation is 
suitable only when the deformity has not become established in infants. Since the pleurae are away from the 
operative field, the use of intratracheal anaesthesia is unnecessary. 

Dr. Lester reported ninety-four operations on ninety patients with funnel chests, the simple operation 


being done in eighteen patients, the modified being done in twelve patients and the radical being done 


in all others. In eight of the radical operations, the strut was used to maintain the elevation of the sternum. 
Four patients were subjected to re-operation. Two of these, early in the series, had had the simple operation 
done when a more radical procedure was indicated; two were frank recurrences. In all of the other patients, 
» there was a certain degree of residual depression. In pa- 


good functional results were obtained, but in some 
» changes, such as a downward slant of the ribs and a flat 


tients over five or six vears old, certain irreversible 
chest, cannot be completely corrected 
In the discussion, Dr. A. Lincoun Brown * confirmed the findings of the author and complimented him 


on his excellent series. 
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Dr. F. Henry Exits, Jr., * confined his remarks chiefly to a discussion of funnel-chest, and stated that 
the ideal age for operation is between three and five years. He stated that, at the Mayo Clinic, the results 
with the simple operation had not been uniformly successful. At the Clinic, they believe that operation 
on infants can be postponed until the child is well past one year of age, at which time it is feasible to carry 
out the radical operation. Dr. Ellis had had no experience with the modified procedure described by the 
author. At the Clinic, the radical operation described by the author is usually performed. Some form of 
extraskeletal traction, maintained for ten days following operation, is usually employed. 

Dr. J. WARREN Wuite ™ told of two infants successfully treated by a simple rubber-suction device, the 
common “plumber’s helper’, applied externally on the surface of the child’s chest. 


Chairman's Address. A Critical Analysis of the Fracture Problem. Dr. CHARLES N. Pease *. This address 
has been published in full in The Journal of the American Medical Association, 156: 805-807, Oct. 30, 1954. 


The Results of Stabilizing Spine Fusion in Cases of Previous Herniated-Dise Removal without Fusion. 
Dr. ALronso DELLA PieTRa reported on forty-three patients previously operated upon for herniated disc, 
without stabilization of the spine, who continued to be disabled. In these, he had attempted salvage. Four 
patients proved to have had a pathological condition other than that of the dise; a good result in only one 
of these was obtained by means of a stabilization procedure. A review of all of the patients showed that only 
three had not had a preoperative myelogram made. Six had had two myelograms made, and two had had 
three myelograms made. Of the patients who had had a myelogram made, 87 per cent. showed residual 
pantopaque in the dural canal; no definite relationship was noted between the severity of the complaints 
and the amount of residual pantopaque. However, 61 per cent. of the patients had varying amounts of 
pantopaque in the cranial vault. In one instance, it was possible to associate definitely the residual panto- 
paque with the severe pain in the left orbital cavity. Twenty-five patients were subjected to re-exploration 
and fusion by Dr. Della Pietra. The constant surgical finding was a mass of scar tissue in the previous opera- 
tive area. This made the second exploration extremely difficult. Scar tissue enveloped the dura, as well as 
the nerve roots; this finding indicated that a simple neurosurgical exploration of the disc causes as much 
scarring as an exploration followed by a fusion. In only two patients was new extruded dise material found. 
In twenty-one of the twenty-five patients operated upon, solid spine fusion, as seen in bending roentgeno- 
grams, was obtained. Fifteen of these were well and the result was classified as excellent. The result in four 
was Classified as good, since the patients were able to return to work, even though they still had some pain. 
In two patients with solid fusions, the results were poor and the patients were unable to work. 


Acute Calcific Deposits in the Hand. Dr. Ropert Carrot and Dr. ALEXANDER Garcia reported 
that calcium deposits in the tissues of the hand are not uncommon. Recognition of their presence is based on 
acute pain, localized tenderness, redness, swelling, and loss of motion. Roentgenograms, made in the proper 
planes and angles, will show the deposits; however, they may be missed if roentgenograms are not correctly 
made. In a review of 100 cases, Dr. Carroll and Dr. Garcia pointed out that the pain was often agonizing and 
did awaken some of the patients during the night. There was marked swelling, with localized tenderness; the 
redness frequently simulated an infection, with streaking of the sort seen in lymphangiitis. A third of the pa- 
tients gave a history of preceding strain. They sometimes had an elevated sedimentation rate. At operation, in 


afew patients, the deposits were discovered to be in or near the small joints of the carpus or the phalanges. 
Some deposits, however, lay within the tendon or the ligament or in the layers of the joint capsule. Regard- 
less of the type of therapy used, the symptoms cleared and the roentgen shadows of calcium disappeared 
within two or three weeks. Dr. Carroll and Dr, Garcia feel that operative intervention is unnecessary, Novo- 
cain injections, hot soaks, and splinting are advocated. No recurrences have been observed. No mention was 


made of roentgen therapy, which the discussors felt had been helpful in some instances. 


Tuurspay, June 24 

Dual Pinning in Supracondylar Fracture of the Femur. Dr. Dana M. Srreer™ and Dr. AniBaL L, 
Luco * gave a historical review of the treatment of supracondylar fracture of the femur and a discussion 
of the problem of controlling the small distal fragments so frequently pulled into flexion by the gastrocne- 
mius. Fifteen patients were treated by the two-pin method of Rush, in which slightly curved Rush pins are 
driven through the medial and lateral femoral condyles, up into the shaft of the femur, to engage the far 
cortex of the shaft at a source of immobilization. Although the procedure is not easy technically, and although 
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it may be complicated by the pin’s backing outward or going too far into the femoral condyle, due to soft 
bone in the aged, this method has the advantage of good stability and permits early motion (without a plaster 
and the maintenance of good joint motion. The pin should extend well up into 


cylinder), early ambulation, 
The details of technique 


the narrow part of the medullary canal in order to provide the greatest stability. 
were discussed and roentgenograms of seven cases illustrated the technique. 

The discussion by Dr. lL. E. Henpryson ® and Dr. Donatp D. Stocum™ brought out more fully the 

technical difficulty of the procedure but showed its value in the management of complicated multiple frac- 
tures of both extremities. They thought that tibial skeletal traction, with the knee flexed, was the method 
of choice, except in special instances in which the dual pinning had a distinct advantage. 
The Prevention and Correction of Adduction Contracture of the Thumb. Dr. J. WiiiiaAmM LirrLer ® re- 
ported that an adduction deformity of the thumb constitutes a very disabling structural derangement. The 
basic function of the thumb is to oppose itself against the fingers. A fixed adduction contracture renders this 
function ineffective. These contractures may result from faulty immobilization in plaster or from too 
prolonged splinting. A tight dressing under the plaster may allow secondary stiffening of the carpometa- 
carpal joint and contracture of the cutaneous web. Sear contractures of the web secondary to burns and 
other trauma may be a cause. The common severe cause is ischaemic contracture of the intrinsic muscles. 
\ less common cause is injury to the median and ulnar nerves, or even wrist-drop resulting from a radial- 
nerve paralysis when the long thumb extensor becomes adherent within the fibrous sheath at the wrist. 
Local destruction of soft tissue overlying the base of the thumb or crushing injuries to the hand may pro- 
duce this deformity. Correction of the deformity, if it is not too severe, can be accomplished in some patients 
by means of abduction traction-splinting alone, if it is begun early. Long-standing adduction contrac- 
tures, however, require surgical intervention. In the less severe cases, a Z-plasty of the contracted web 
may be done. In burns, when the skin alone is involved, replacement of the sear by a split-thickness skin 
graft is effective. When deeper structures are involved, however, with loss of tissue, a pedicle skin flap is 
required, but, during the pedicle-graft procedure, the thumb must be held in abduction by a Kirschner wire. 
In very extensive cases, the index finger may be so damaged that removal is required. In these, excision of 
the second metacarpal at its base provides a good opening for the formation of a web between the thumb 
and the remaining middle finger. In most cases of adduction contracture, the fibrous interusseous muscula- 
ture and fascia must be excised in order to mobilize the first metacarpal when the pedicle graft is set in place. 
If mobility cannot be gained and maintained, the thumb must be fixed in a good position of function, since 
position and stability are essential. The author prefers to use a bone-strut graft between the first and second 
metacarpals rather than to do a fusion of the carpometacarpal joint. He believes that arthrodesis of the 
thumb metacarpal should be a last resort. 

In the discussion, Dr. Low D. Howarp ® said that traction-splinting is not of value in correcting the 
deformity. Surgical excision of scar, with pedicle skin-grafting, was advised. 

Transplantation of Biceps Femoris to the Patella by the Medial Route in Poliomyelitic Quadriceps Paralysis. 
De. Gene D. Catpwett™ compared twenty-eight transplantations of the biceps femoris, alone, to the 
patella by the lateral route or in combination with the semitendinosus, with a later series of forty-one trans- 
plantations of the biceps femoris, alone, by the medial route. The use of the medial route eliminates the 
objectionable dislocation of the patella which occurs when transplantation by the lateral route is done. 
Genu valgum does not occur. No instance of dislocation of the patella occurred following the transplantation 
by the medial route, whereas in 61 per cent. of those in whom the transplantation was done by the lateral 
route, dislocation of the patella occurred. Dr. Caldwell, however, noted very little difference in the functional 
The medial transplantation is indicated in cases of paralysis of the 
quadriceps in which either a brace or hand-to-knee walking is necessary in order to stabilize the knee. The 
biceps femoris to be transplanted should be of good normal power. Any fixed flexion deformity at the knee 
should be corrected prior to transplantation. A good hip extensor and a good gastrocnemius are helpful, but 
the absence of power in these does not contra-indicate this muscle transference. Genu recurvatum can still 
be expected to occur following the transplantation if the medial hamstrings and gastrocnemius are not 


functioning. At operation the biceps femoris is exposed by means of a long posterolateral longitudinal 
Tendon and muscle are dissected 


end results between the two methods. 


incision; the distal end of the muscle is divided at its insertion to the fibula. 
upward to the upper third of the thigh, so that the distal two thirds of the muscle, comprising the short head 
of the origin of the muscle, is detached from the femur. Damage to the perforating vessels must be avoided. 
The intermuscular septa are stripped from the linea aspera, and the biceps femoris is passed behind the femur 
to the medial side of the thigh, care being taken to avoid the constriction of the muscle between the inter- 
muscular septa and the femur. The tendinous insertion is fastened firmly into the patella through an osseous 
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tunnel. Dr. Caldwell emphasized that, despite the apparent indirect circuitous route of the transplanted 
muscle, the actual direction of the muscle pull is quite straight and is direct from the origin to the insertion 
of the muscle. Immobilization is maintained for a period of four weeks and active exercises are then begun. 
The follow-up study in transplantations done by the medial route averaged seven years. Failures were largely 


due to technical errors. ‘ 
In discussion, Dr? Freperic C. Bost ® emphasized that probably no paralytic condition of the lower 


extremity merits greater consideration than that of the weak knee due to a quadriceps paralysis. He stated 
that the author had presented a good review of the operative techniques for the relief of this condition and 
that his procedure avoided the objectionable feature of dislocation of the patella. He thought that the origin 
of the biceps femoris might perhaps be transplanted in such a way as to make a true quadriceps of it, — that 
is, making it run in a straight line down to the patella — since, by surgical technique, its nerve and blood 
supply can be preserved in order to permit this type of free muscle transplantation. 

Dr. Nicuoias GIANNESTRAS ™ confirmed the value of the procedure on the basis of his personal experi- 
ence and showed its use in a case of traumatic loss of the quadriceps. This resulted in an excellent recovery. 


Bryant’s Traction, a Provocative Cause of Circulatory Disturbance. Dr. Jesse T. Nicnoison 7, Dr. 
Rosert M. Foster *, and Dr. Ropert D, Hearn dealt with the complications of Bryant's traction, 

a procedure which most physicians have long believed to be perfectly safe. They presented six cases of circu- 
latory complications. In the milder form, the complication is an ischaemic fibrosis of the muscles of the lower 
portion of the leg, resulting in a residual equinovarus deformity which can readily be mistaken for a mild 
peroneal-nerve paralysis. In the more severe condition, there is a circumferential band of skin necrosis and 
of muscle necrosis in the muscles of the calf. In the most severe form, definite gangrene of the foot oecurs. 
The majority of these complications occurred in the sound extremity held vertically in Bryant’s traction 
and not in the injured limb. The authors investigated the blood pressure in legs elevated to various 
degrees beyond the vertical by taking blood-pressure readings at the ankle. They found that the blood pres- 
sure was adequate in children under two years of age, that it was precarious in children from the ages of two 
to four, and that it was dangerously impaired in legs in the vertical position in all children above four years 
of age. For example, at six years of age, the mean blood pressure must be at least 45 millimeters of mercury 
in order to maintain circwation in a leg held in the vertical position. If the knee is hyperextended in a child 
younger than two years, the blood pressure is not affected; between two and four years of age the circulation 
becomes precarious, and above four years of age, in all cases, circulation stops at the level of the femoral 
condyle. Other factors influencing the circulation in the limb are shock, traction, osteochondromatous 


growths, bandaging over the adhesive traction, and active exercise. 

In the discussion by Dr. Ropert J. Jopui “ it was emphasized that in the original article by Thomas 
Bryant, in 1876, only children under three years of age were advised to be treated by this method. Bryant 
also advised fixing the limb in some light splint; this may have been advised in order to prevent hyperex- 


tension of the knee. 
Dr. Epwarp G. Ewer “ reiterated the importance of treating no child over the age of two and a half by 


Bryant’s traction. 
This excellent article, when it appears in The Journal of the American Medical Association should be 


carefully studied by all physicians treating fractures in children. 


Interbody Spinal Fusion: Preliminary Report. Dr. Joun R. Sracy * and Dr. Kart D. McBripe 
reported on fifty-seven interbody spine fusions, in thirty of which the interbody graft was used alone, and 
in twenty of which the interbody graft was combined with a mortised facet-block graft. They do not recom- 
mend the routine use of the procedure, but they feel that it is indicated in spondylolisthesis and spondylolysis 
and that it can be used after procedures which result in abnormal instability of the vertebrae, such as exten- 
sive laminectomy and facetectomy, and after large amounts of fragmented dise material have been removed. 
When other methods fail to give sufficient stability for rapid postoperative rehabilitation, the procedure 
can be used to advantage. The technique varied in their hands. After exploration in the usual manner for 
a disc, the lateral wall of the spinal canal was removed in some. This allowed access to the dise space with 
little or no traction on the nerve roots or dura. In others, the nerve roots were gently retracted without the 
removal of the lateral wall of the spinal canal, and the spinous processes were widely spread with special 
bone forceps. In each, however, the cartilage dise was curetted out, together with some of the underlying 
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bone plate of each vertebral body, and bone grafts in the form of small chips taken from the spinous process 
or the ilium were inserted. Complications were reported as being temporary and minimal. Three had mild 
paresis of the muscles of the lower extremity, which recovered. One infection occurred, the draining sinus 
healing in eight months. There was one postoperative thrombophlebitis. Three patients required re-operation, 
and in none of these was any protrusion of the grafted material noted. The clinical results were analyzed on 
the basis of the length of time before the patients returned to their usual activities, this averaged 3.5 months 
The average hospital stay was sixteen days. Fifteen patients had no postoperative support in the form of a 
brace. The results in 84 per cent. of the patients are classified as excellent and in 13 per cent. as fair 
Postoperative roentgenographic studies, with biplane bending roentgenograms, were made of forty-eight of 
the fifty-seven patients. Narrowing of the dise space was noted in 78 per cent. Dr. Stacy and Dr. 
MeBride did not note complete body consolidation, with trabeculae growing across the disc space to each 
vertebral body. They felt that many had obtained osteofibrous ankylosis only. Failure of fusion between 
the fourth and fifth vertebral bodies occurred in three of forty-four patients. All of the twenty-nine lumbo- 
sacral fusions attempted became solid. Mention was made of the experimental introduction of lead and 
magnesium and growth-hormone powder in order to stimulate bone formation, but no conclusions could 
be drawn from this work 

In the diseussion by Dr. H. Revron MeCarrou. “, the dangers of this procedure were outlined and 
it was pointed out that the standard spine-fusion procedure held none of these risks. 

Dr. Dovaias D. Torre tmier © drew attention to the method of Gill for the removal of the posterior 


arch in spond ylolisthesis without fusion being necessary. 


Vitallium-Mold Arthroplasty of the Hip: An End-Result Study. Dr. Georce Hammonp “, Dr. Howarp 
Kh. Crawrorp and Dr. G. Eomunp Haaccart reported that, from June 1931 to January 1953, 114 
Vitallium-mold arthroplasties of the hip for various disabilities were performed at the Lahey Clinic upon 104 
patients. Of these, 85 per cent. were between the ages of twenty and fifty-nine years, and 58 per cent. were 
females. For the young patient with unilateral hip-joint disease, arthrodesis is advised, but arthroplasty is 
considered to be the procedure of choice in patients with bilateral hip disability. Vigorous, muscular, physio- 
logically young patients who are not overweight are the best candidates for the operation. The operative 
technique and postoperative care described by Smith-Petersen were largely employed. They attempted 
to have the mold ride in the acetabulum on the femur in a neutral position; they avoided a varus position. 
The edge of the mold should extend well beyond the margin of the acetabulum. There were thirty-seven com- 
plications occurring in twenty-eight patients. Wound infection cecurred in nine hips; four patients had non- 
fatal pulmonary emboli; five dislocations of the cup in patients without infection occurred, as well as three 
subluxations of the cup. Patients with peroneal-nerve palsy and brachial plexus palsy recovered completely. 
One patient had been subjected to arthrodesis before a draining sinus revealed tuberculosis to be the cause 
of the destructive arthritis. There was no operative mortality. Secondary operative procedures included 
abductor tenotomies. It was necessary to revise the mold arthroplasty in thirteen hips (11 per cent.), because 
of distressing pain or limited motion. Ligation of veins was performed in some before the advent of anti- 
coagulant therapy. Three arthrodeses were performed because of failure of the mold arthroplasty. End- 
result study was done on all patients, at least two years postoperatively. A detailed questionnaire was used, 
in addition to personal interviews, and a thorough orthopaedic examination which included roentgenographic 
examination of the pelvis. Of the ‘otal, 79 per cent. were reviewed in this manner, the average follow-up 
being over seven years. The investigation of the end results was carried out by physicians who were not 
associated with the actual surgical procedures. It was found that results established on the basis of question- 
naires were often erroneous; the clinical examination of the patient was less subject to error, From the pa- 
tients’ standpoint, the subjective end results showed that 78 per cent. of the hips had been improved by 
surgery, 46 per cent. of these being classified good or excellent. From the surgeon’s standpoint, however, an 
objective end-result study revealed that percentage of those which had been improved was reduced to 62 
per cent., of which 39 per cent. were excellent and 38 per cent. were poor. The authors attempted to form a 
composite end result from their study of the subjective and objective end results. They concluded that 
51 per cent. of the hips were improved, that in 37 per cent. the results were good or excellent, and that in 


38 per cent. the results were poor, These closely approximated the objective end results. The poorest results 


oceurred in arthroplasties in patients with pyogenic arthritis. The authors concluded from this study 
that, with a careful selection of patients, scrupulous operative technique, and effective postoperative care, 
the Vitallium-mold arthroplasty of the hip has a definite place in the treatment of disabilities of the hip 
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Officers elected for the ensuing year are as follows: 
Chairman: Jesse T. Nicholson, M.D., Philadelphia, Pennsylvania; 
Vice-Chairman: William T. Green, M.D., Boston, Massachusetts; 
Secretary: Frederick R. Thompson, New York, N. Y.; 
Representative to Scientific Exhibit: J. Vernon Luck, M.D., Los Angeles, California; 
Executive Committee: H. Relton MeCarroll, M.D., St. Louis, Missouri, 

Charles N. Pease, M.D., Chicago, Illinois, 

Jesse T. Nicholson, M.D., Philadelphia, Pennsylvania, 
Frederick R. Thompson, M.D., New York, N. Y., 
Edward L. Compere, M.D., Chicago, Ilinois. 


EXCHANGE FELLOWSHIPS 


In 1955 the program of Exchange Fellowships between Great Britain and North America, sponsored 
jointly by The American Orthopaedic Association, The British Orthopaedic Association, and The Canadian 
Orthopaedic Association, will send five Fellows from North America to Great Britain where they will be 
guests of The British Orthopaedic Association. Four Fellows will be selected from the United States and one 
from Canada. 

The American Orthopaedic Association contributes $500.00 toward the traveling expenses of each 
Fellow from the United States; The Canadian Orthopaedic Association contributes $500.00 to the Fellow 
chosen from Canada, and The British Orthopaedic Association contributes the sterling equivalent of $500.00 
to each of the five candidates toward their expenses while in Great Britain. 

The tentative program calls for the Fellows to arrive in Great Britain about the first of May, join The 
British Orthopaedic Association in its visit to the Société francaise d’Orthopédie et de Traumatologie in Paris 
on May 5, 6, and 7, and then return to spend five or six weeks at orthopaedic centers in Great Britain. 

The Committee on Exchange Fellowships both of The American Orthopaedic Association and of The 
Canadian Orthopaedic Association invite any young orthopaedic surgeon in the United States or Canada who 
may be interested in going to Great Britain in 1955 as an Exchange Fellow to make application at once to the 
Secretary of The American Orthopaedic Association (in the case of candidates from the United States) or to 
the Secretary of The Canadian Orthopaedic Association (in the case of candidates from Canada) in order 
that their qualifications may be considered by the selection Committee. 

Applicants should be not more than forty years of age; they should have completed their training in 
orthopaedic surgery; they should have passed the examinations of The American Board of Orthopaedic 
Surgery or the Royal College of Physicians and Surgeons of Canada, and they should be established in the 
active practice of some branch of orthopaedic surgery (university teaching, clinic practice, private practice, 
or research). 

Applicants should submit details of their education, training in orthopaedic surgery, appointments past 
and present, military service, and contributions to surgical literature. Forms for this purpose may be obtained 
from the Secretaries of The American Orthopaedic Association and The Canadian Orthopaedic Association, 
or from members of these Associations and from Fellows of The American Academy of Orthopaedic Surgeons. 
The application should be supported by two sponsors, members of The American Orthopaedic Association, 
Fellows of The American Academy of Orthopaedic Surgeons, or members of The Canadian Orthopaedic 
Association. Endorsement by the chief of the orthopaedic service where the candidate has had most of his 
orthopaedic training would be valuable to the selection Committee. 

Will members of The American Orthopaedic Association and The Canadian Orthopaedic Association 
and Fellows of The American Academy of Orthopaedic Surgeons please call this opportunity to the attention 
of their young colleagues and support the application of those who they believe would benefit. 

The closing date for applications will be December 31, 1951. 
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The Twenty-second Annual Meeting of The American Academy of Orthopaedic Surgeons, 
under the presidency of Dr. T. Campbell Thompson of New York City, will be held at the Hotel Statler, 


Loe Angeles, California, January 20 to February 3, 1955. 


The 1955 Annual Meeting of The American Orthopaedic Association wil! be held at The Greenbrier, 
White Sulphur Springs, West Virginia, June 19 to 22. 


The American Board of Orthopaedic Surgery has announced that examinations are to be held 
as follows: 

Part I] Examinations on January 27 and 28, 1955, at Los Angeles 

Part I Examinations at various locations in April 1955 

Deadline for receipt of applications is November 30. They should be made to the Secretary, Dr. Harold 
A. Sofield, 122 8. Michigan Avenue, Chicago 3, Illinois 


The Tenth Annual Meeting of the American Society for Surgery of the Hand will be held at the 
Biltmore Hotel, Los Angeles, California, on Friday, January 28, 1955. The preliminary program includes 
the following papers: 

Tumors of the Hand 

Joseph L. Poseh, M.D., Detroit, Michigan 
Tuberculosis of the Hand 

Philip Il. Moore, M.D., Mt. Eedgeeumbe, Alaska (by invitation). 
Providing Automatic Grasp by Flexor Tenodesis 

James N. Wilson, M.D., Los Angeles, California 
Congenital Subluxation of the Thumb into the Palm 

Elden C. Weckesser, M.D., Cleveland, Ohio 
Vasomotor Reactivity in Dupuytren’s Contracture 

F. X. Paletta, M.D., St. Louis, Missouri (by invitation). 
Surgery of Rheumatic Hands 

Sterling Bunnell, M.D., San Francisco, California, 
Volkmann's Contracture 

J. Leonard Goldner, M.D., Durham, North Carolina 
Congenital Absence of the Radius 

Daniel C. Riordan, M.D., New Orleans, Louisiana, 
Adduction Contracture of Thumb 

J. Edward Flynn, M.D., Boston, Massachusetts 


An interesting article entitled “Eeffeet of Outer Fiber Stress on Brace Design” has been prepared by 
Francis L. Smith and Dr. John L. Young of the Sarah Mellon Scaife Foundation’s Multiple Fellowship 
on Orthopaedic Appliances, of the Mellon Institute. Copies may be obtained upon request to: Mellon Insti- 


tute, 4400 Fifth Avenue, Pittsburgh 13, Pennsylvania 


Surgeons visiting Boston should note the change in the hours for Orthopaedic Grand Rounds at the 
Massachusetts General Hospital which will be held hereafter in the Bigelow Amphitheater, White Building 
3A, at eleven o'clock in the morning 

Combined Rounds with Children’s Hospital will be held, as in the past, at eight o’clock. The dates for 
these Rounds are: at’ Massachusetts General Hospital, on Wednesdays, December 15, 1954, February 16 
and April 20, 1955; at Children’s Hospital, on Tuesdays, January 18, March 15, and May 17, 1955. 

The Fourteenth Japan Medical Congress will be held at Kyoto, Apri! | to 5, 1955. The Japanese Society 
of Orthopaedic Surgery is one of the forty-one medical societies participating in this Congress. Meetings 
will take place at Kyoto University and Kyoto Prefectural Medical College. Additional information about 
the Congress may be obtained from the Seeretary-General, Dr. Mitsuharu Goto, University Hospital, 
Medical Faculty of Kyoto University, Kyoto, Japan 
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A Congress of the International College of Surgeons will be held at Geneva, Switzerland, from 
May 23 to 26, 1955, in celebration of the twentieth anniversary of its founding by Prof. Max Thorek. The 
present President is Prof. R. Nissen, Director of Surgery at the University Hospital of Bale. The Presi- 
dent of the Congress to be held in May is Prof. A. Jentzer; the Vice-Presidents are Dr. J. H. Oltramare 
of Geneva and Dr. A. Nicolet of Berne. Inquiries about the Congress may be made to the Secretary of 


the Congress, 6-8 rue de la Confédération, Geneva. 


The Manual of Orthopaedic Surgery published by The American Orthopaedic Association with the 
cooperation of The American Academy of Orthopaedic Surgeons was made possible by the John R. Thompson 
Fund. This handbook has received enthusiastic acceptance by students, residents, and others who come 
in contact with orthopaedic problems. During the two years which have elapsed since publication, over 
11,000 copies have been distributed. 

Much interest in translations of the Manual has been expressed by Spanish, French, Portuguese, and 


Japanese orthopaedic surgeons. 
The present Manual is distributed at cost. When it becomes self-supporting, the John R. Thompson 
Fund will be directed to the support of other educational activities in the field of orthopaedic surgery 
The Manual of Orthopaedic Surgery may be obtained for $1.08 per copy, with a discount of 15 per cent 
for single orders of ten or more copies. Orders should be sent to the Central Office of The American Academy 
of Orthopaedic Surgeons, Inc., 122 South Michigan Avenue, Chicago 3, Illinois. 


NEW JERSEY ORTHOPAEDIC SOCIETY 


The Annual Meeting of the New Jersey Orthopaedic Society was held on Saturday, October 16, 1954, 
under the presidency of Dr. Henry H. Kessler, at the Kessler Institute for Rehabilitation, West Orange, 


New Jersey. 

The following are the officers for the ensuing year: 
President; John J. Flanagan, M.D., South Orange, New Jersey; 
President-Elect: William Kruger, M.D., Newark, New Jersey; 
Secretary: Arthur Thurm, M.D., Trenton, New Jersey; 

Treasurer: Harold T. Hanson, South Orange, New Jersey. 


The following scientific papers were presented: 
Skin Coverage for Scars Adherent to Bone. 

S. R. LoVerne, M.D., and J. J. Amster, M.D., Orange, New Jersey 

Discussion by Jerome Gelb, M.D., Newark, New Jersey. 

Charcot’s Disease following Trauma. 

Saul I. Firtel, M.D., Newark, New Jersey 
Clinical Applications of Investigation on Bone Metabolism. 

Edward C. Reifenstein, M.D., Oklahoma City, Oklahoma. 
Operative Treatment of Tibial Plateau Fractures. 

Harry N. Kin, M.D., and William B. Ein, M.D., Newark, New Jersey. 
Use of Oxygen Pneumo-Arthrography of the Knee as a Diagnostic Tool (motion picture). 

C. A. Maxwell, M.D., Morristown, New Jersey. 
Bilateral Degenerative Arthritis of Hips in Late Adolescence. 

Andrew C. Ruoff, III, M.D., Paterson, New Jersey. 
The Use of Braces in Athetoid Type of Cerebral Palsy. 

Sidney Keats, M.D., Newark, New Jersey. 

Discussion by A. R. Shands, Jr., M.D., Wilmington, Delaware. 

Slipped Femoral Capital Epiphysis with Postoperative Results. 

Philip Willner, M.D., Newark, New Jersey 
Discussion by “A. M. Rechtman, M.D., Philadelphia, Pennsylvania. 
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FRACTURES AND ORTHOPAEDIC SURGERY FOR NURSES AND Puystorueraptists. Ed. 3. Arthur Naylor, Ch.M., 

M.B., M.Se.(Sheff.), Edinburgh, & 8. Livingstone Ltd., 22 shillings, 

6 pence; Baltimore, The Williams & Wilkins Co., 1952. $5.00. 

This book is in its Third Edition and presents a detailed discussion of the current treatment of ortho- 
paedie disabilities in a most readable style. The illustrations are improved. 

The chapter on Orthopedic Theatre Technique will be of interest particularly to the orthopaedic scrub 
nurse. There is good organization of material, and a brief, succinet discussion of all common orthopaedic 
disabilities, including symptoms, signs, and treatment. 

The book may be recommended as an excellent basic orthopaedic text, not only for nurses and physio- 
therapists but for medical students, interns, general practitioners, and others who are interested in ortho- 


paedic teaching 


Eugene E. Record, M.D. 


Morris’ Human Anavomy. A Complete Systematic Treatise. Ed. 11. Edited by J. Parsons Schaeffer, A.M., 

Ph.D., Se.D., D.Litt. New York, The Blakiston Company, 1953. $16.00. 

The appearance of the Eleventh Edition of this monumental textbook testifies to its importance. A 
review of any textbook of anatomy presents a difficult problem, because it must be known for which group 
of readers the text is created. Is it a reference book for the clinician and student, or is it a text for the 
systematic use of the medical student in his first years? 

In as much as there has been a deplorable tendency in medical schools to shorten the time alloted to 
the study of anatomy, it would appear that the larger texts are not practical. This is not true. It is easier 
to read and to retain factual material from a larger treatise, than from a skeletonized and emasculated text. 
The utilization of the available short time given to the study of anatomy should be so arranged and guided 
that the student should be able to assimilate the larger text with ease. 

The inspired teacher of anatomy has the responsibility not only to help the student to retain important 
anatomical facts, but also to give the student a persistent incentive to learn anatomy constantly to the 
last day of his active medical life 

It is the reviewer's personal opinion that Morris’ Human Anatomy is well adapted to such demands. 

The Eleventh Edition has been extensively revised and brought up to date; a few sections have been 
almost completely rewritten. The list of contributors includes the names of many well known anatomists 
several of the names are especially familiar to orthopaedic surgeons. 

It is especially pleasing to the reviewer to find that the modern tendency toward complete elimination 


of eponyms has not been followed here and that the use of eponyms is “continued in moderation in places 


befitting the text” 

There are 1,607 pages of text, 1,198 illustrations, and an extensive index of 109 pages. The text is divided 
into sections in accordance with the traditional grouping of descriptive anatomy. The illustrations are 
ample, although au few more could have been added, 

Throughout the text the relation to clinical medicine is mentioned wherever necessary, and the func- 
tional approach is maintained. The significance of the relationship of the bony structures to the viscera is 
indicated but not emphasized. General relationships are clearly brought out. The variations of structures 
are deseribed, not catalogued, and emphasis is placed on the important ones, with an occasional explanation 
of their significance 

The sections of specific interest to the orthopaedic surgeon 
include original material from investigations by their respective contributors. There are many 


osteology, arthrology, myology, and neu- 
rology 
suggestions of a clinical nature which may be very useful to the orthopaedic surgeon. The introductory 
chapter of the section on myology is comprehensive. At the end of the section on myology there is a chapter 
grouping muscles according to their function, with line diagrams indicating the important axes of action of 
the joints 

Each section has a brief bibliography with references to significant recent literature and clasric works. 

The inclusion of the selective bibliography is of great help. 

The reading of the text shows the excellence of each contribution and the magnificent work in the co- 
ordination and integration of the material by the editor. 

Vorris’ Human Anatomy can be used with great profit by the medical student in the beginning of his 
anatomical indoctrination; it can be used as a reference book by the clinician, who cannot always spare time 
for consultation of more extensive treatises. It can also be utilized by the, horribile dictu, orthopaedic anat- 


omist, who may find here helpful information on many subjects. 


Emanuel B. Kaplan, M.D 
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PAIN SYNDROMES AND THEIR TREATMENT. With Special Reference to Shoulder-arm Pain. James M. Tarsy, 

M.D. Springfield, Illinois, Charles C. Thomas, 1953. $12.00. 

The author's intention appears to have been to write an encyclopaedic compendium of painful lesions 
of the neck, shoulder, and thoracic spinal structures; in a sense he has succeeded. This field, however, is 
one in which organization of material is difficult to achieve; in this respect he has been less suecessful. He 
has drawn heavily on the literature and has presented the theoretical material with little critical evaluation 
and with a regrettable objectivity which does not sufficiently reflect his own experience. Moreover, there 
has been reliance chiefly on older rather than recent literature. Although an ancillary bibliography refers 
to the best of recent work, there is less evidence of the influence of recent work in the text than there is of 
the writings of two or three decades ago. The result is at times an anachronistic reference to the clinical 
landmarks of another era, such as tuberculosis and syphilitic spondylitis as common causes of cervical 
radicular pain. The author’s preference for the posterior approach for injection of the stellate ganglion, 
which most practitioners of the procedure have now discarded, may have the same origin. 

He is at his best in describing anatomy in terms of function, and the chapter on the anatomy of the 
shoulder is a very good one. However, when the text describes neurological anatomy, it is neither so clear 
nor so inviting to the reader. When the clinical discussion for differential diagnosis enters other fields, such 
as neurology and neurosurgery, the advice is at times insecure and meager. The discussion of cervical-dise 
rupture, that is, conservative as against operative managemert, is quite scanty and hardly provides the 
reader with enough information to help him to form his own cpinion. The relationship between dise pro- 
trusion and spondylitis is discussed as if they were two entirely separate entities, rather than the closely 
associated conditions they actually are. 

The photographs are excellent and show in detail how to examine a patient with pain of obscure origin. 
However, one may well ask if the practitioner-reader to whom these illustrations are offered should be 
encouraged by drawings implying ease of performance to attempt such procedures as thoracic-nerve block 
and brachial-plexus block; these are hardly for the tyro. There is only a casual mention of the occurrence 
of neuritis following the injection of alcohol. 

Unfortunately, the writing is awkward and the proof-reading has been regrettably poor in both text 


and bibliography; these defects perhaps can be remedied in a later edition. 


Samuel Lowis, M.D. 


THe MANAGEMENT OF Pain. With Special Emphasis on the Use of Analgesic Block in Diagnosis, Prognosis 
and Therapy. John J. Bonica, M.D. Philadelphia, Lea & Febiger, 1953. $20.00. 

No problem is of more universal concern than that of pain, because it is so often the most urgent present- 
ing sympton, the most destructive force psychologically, and the most disabling factor socially in illness. 
Dr. Bonica has performed an outstanding service in offering this exhaustive treatise upon a tremendous 
subject. 

The publishers have produced a volume which is a handsome addition to any library. The format is 
good; the excellent paper and good type make reading pleasant. The many photographs are particularly 
notable for their clear reproduction. 

The subject matter of The Management of Pain has been dealt with by the author in three sections, 
each of which might well constitute a book. Part I, entitled “Fundamental Considerations’’, presents first 
a chapter upon the anatomy of the nervous system as related to the perception of pain and the structures 
and pathways by which pain impulses are transmitted. Then follow chapters dealing with the physiological, 
pathological, and psychological bases of pain, and a discussion of its mental and physical effects. 

Part IL is concerned with Methods in Management of Pain. As is indicated in the title of the book, the 
use of analgesic block is emphasized, and the bulk of this section is concerned with it, other methods being 
considered as adjuvants. The relegation of certain procedures, such as neurosurgery and psychiatric treat- 
ment, to this role might be questioned. In any case, the point is stressed that each pain problem is individual 
and involves careful evaluation, choice, and combination of available methods of treatment. 

Part III, ‘Pain Syndromes’, occupies the remainder, more than half of the more than 1,500 pages. 
Here the author undertakes to describe in some detail all the conditions in which pain may appear as a 
symptom. Material which lends itself to such treatment is combined into tables; this facilitates reference. 
This section of the book is particularly valuable to all members of the medical profession, regardless of 
specialty. 

It should be added that the most impressive thing about the book is the author's intrepid approach to 
the problem, At the conclusion of his preface, he states his position as follows: ‘Meanwhile, all physicians 
must concern themselves with this preblem, for pain is the day by day business of every doctor. We must 
make an effort to give the various painful states an intelligent appraisal; and, perhaps equally important, we 
must formulate a systematic plan for relief which will conserve the patients’ social usefulness in so far as 
possible. In other words, we must manage pain as best we can, for even if in a crude and empirical manner 
we can alleviate some patients of their suffering, our efforts will be worthwhile. The proper management 
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of pain remains, after all, the most important obligation, the main objective, and the crowning achievement 


of every physician.” 
Julia G. Arrowood, M.D. 


Orrice Orrnorepics. hd 2. Lewis Cozen, M.D., F.A.C.S. Philadelphia, Lea & Febiger, 1953. $5.50. 

The new Edition of this concise and practical text, in comparison with the previous one, contains mate- 
rial concerning the use of such new drugs as cortisone, dihydrocortisone, butazolidene, hyaluronidase, and 
tolserol. The essentials of standard orthopaedic treatment remain the same. Forty-five illustrations have 
been added. 

The book will serve well the general practitioner, house officer, and medical student in providing a con- 
venient source of information, diagnostic and therapeutic, on orthopaedic conditions most commonly 
encountered. The descriptions are short and accurate. The subject matter is covered in chapters with 
anatomical headings, and in the form of complaints as presented by the patient, for example, “Limp in a 
Child”, and “ Weakness of Arm or of Leg in an Adult”. Material is included which falls equally in the fields 
of neurology and orthopaedics. 

The description of treatment is sufficiently detailed so that as a practical text the purpose of the book is 
accomplished. The author confines his discussion of treatment to those measures which can be performed 
in the office. There are sections on plaster techniques, shoe fitting and correction, as well as detailed descrip- 
tions of exercises which are frequently omitted in standard texts. The, 

Several points of criticism should be mentioned. Some of the diag 
helpful. The author provides many methods of treatment for a single 
their effectiveness for the less experienced clinician. It is my impressis _ 
well as manipulative treatment, are overemphasized as methods of cha 
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Low Back Patn anv Sciatica. Louis T. Palumbo, M.D. Philadelphi 
$3.00 . | TO THIS VOLUME HA 
lhis little monograph covers this complex problem in less than eigh 

for the general practitioner, it discusses briefly the pertinent anatomicd 


to clarify the etiology of the syndrome, and presents a working diagno F R OM T HIS P OSI T I Oo! 


Barr and Marble '. A rationale and method of conservative treatment 
as the indications for surgical therapy. 

In general, the approach to this complex problem is sound and THE BE GI NNING OF 
llowever, many statements appear with which one might take issue. 
that the “arthritides”’, including rheumatoid spondylitis, occur afte THE co NVENIE NCE ( 
involve only the sacrum, that “‘surgery is usually indicated to corre 
sacrospinalis musculature may result in lumbar lordosis in interverté 
jerk is diminished or absent with dise protrusion at the fourth lumbar it 
malingering and psy¢ hosomatic or psychoneurotic back pain is not m{ 
agree that proved malingering is rare; yet, the text devotes half a page to psychosomatic pack pam ana 
three and a half pages to malingering. Much of what is described under the heading of malingering might 
have been better described under the former category. In spite of these criticisms, this little book fills a need 
presenting in concise and readable form a sound approach to this difficult problem which faces every prac- 
tising physician. 
S., and Marste, H. C.: Syllabus on Industrial Low Back Disability. Industrial Med. and 


1. Barr, J. 
Surg., 20: 21-29, 1951. 
Thornton Brown, M.D. 


PuysicaL Tuerary arrer AmMpuration. Margaret Bryce. Madison, University of Wisconsin Press, 1954. 
$1.50. 

This pocket-sized paper-bound booklet is presented as an outline of basic techniques in the treatment of 
the unilateral lower extremity amputee, and is designed for use by physical therapists and students of physical 
therapy. A step-by-step presentation of bandaging, preprosthetic physical therapy, and gait training for the 
above-the-knee and below-the-knee amputee occupies the greater portion of the text. A short chapter is 
devoted to the fundamentals of the construction of prostheses. I feel that this book is definitely a worth-while 
compilation for the purpose for which it is intended, and that it may also be of value to the practitioner deal- 


ing with an occasional amputation. 
Donald B. Slocum, M.D. 
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of pain remains, after all, the most important obligation, the main objective, and the crowning achievement 


of every physician.” 
Julia G. Arrowood, M.D. 


Orrice Orrnorepics. hd 2, Lewis Cozen, M.D., F.A.C.S. Philadelphia, Lea & Febiger, 1953. $5.50. 

The new Edition of this concise and practical text, in comparison with the previous one, contains mate- 
rial concerning the use of such new drugs as cortisone, dihydrocortisone, butazolidene, hyaluronidase, and 
tolserol. The essentials of standard orthopaedic treatment remain the same. Forty-five illustrations have 
heen added. 

The book will serve well the general practitioner, house officer, and medical student in providing a con- 
venient source of information, diagnostic and therapeutic, on orthopaedic conditions most commonly 
encountered. The descriptions are short and accurate. The subject matter is covered in chapters with 
anatomical headings, and in the form of complaints as presented by the patient, for example, ‘Limp in a 
Child”, and “Weakness of Arm or of Leg in an Adult’’. Material is included which falls equally in the fields 
of neurology and orthopaedics 

The description of treatment is sufficiently detailed so that as a practical text the purpose of the book is 
accomplished, The author confines his discussion of treatment to those measures which can be performed 
in the office. There are sections on plaster techniques, shoe fitting and correction, as well as detailed descrip- 
tions of exercises which are frequently omitted in standard texts. The bibliography is a valuable asset. 

Several points of criticism should be mentioned. Some of the diagrams are not sufficiently detailed to be 
helpful. The author provides many methods of treatment for a single condition, but neglects to evaluate 
their effectiveness for the less experienced clinician. It is my impression that local, sympathetic blocks, as 


well as manipulative treatment, are overemphasized as methods of choice. 


John D. Leidholt, M.D. 


Low Back Patin anv Scratica. Louis T. Palumbo, M.D. Philadelphia, J. B. Lippincott Company, 1954. 
$3.00 

This little monograph covers this complex problem in less than eighty-nine text pages. Written primarily 
for the general practitioner, it discusses briefly the pertinent anatomical and pathological features, attempts 
to clarify the etiology of the syndrome, and presents a working diagnostic scheme similar to that offered by 
Barr and Marble '. A rationale and method of conservative treatment are presented in some detail, as well 
as the indications for surgical therapy. 

In general, the approach to this complex problem is sound and the illustrations are of good quality. 
However, many statements appear with which one might take issue. For example, the impression is given 
that the “arthritides’’, including rheumatoid spondylitis, occur after the fifth decade, that chordomata 
involve only the sacrum, that “surgery is usually indicated to correct” spina bifida, that spasm of the 
sacrospinalis musculature may result in lumbar lordosis in intervertebral-dise lesions, and that the knee 
jerk is diminished or absent with dise protrusion at the fourth lumbar interspace. A clear distinction between 
malingering and psychosomatic or psychoneurotic back pain is not made in the text. Most authorities will 
agree that proved malingering is rare; yet, the text devotes half a page to psychosomatic back pain and 
three and a half pages to malingering. Much of what is described under the heading of malingering might 
have been better described under the former category. In spite of these criticisms, this little book fills a need 
presenting in concise and readable form a sound approach to this difficult problem which faces every prac- 
tising physician. 


1. Barr, J. 8., and Mara.e, H. C.: Syllabus on Industrial Low Back Disability. Industrial Med. and 


Surg., 20: 21-20, 1951. 


Thornton Brown, M.D. 


PuysicaAL Tuerary arrer AmMpuration. Margaret Bryce. Madison, University of Wisconsin Press, 1954. 
$1.50. 

This pocket-sized paper-bound booklet is presented as an outline of basic techniques in the treatment of 
the unilateral lower extremity amputee, and is designed for use by physical therapists and students of physical 
therapy. A step-by-step presentation of bandaging, preprosthetic physical therapy, and gait training for the 
above-the-knee and below-the-knee amputee occupies the greater portion of the text. A short chapter is 
devoted to the fundamentals of the construction of prostheses. I feel that this book is definitely a worth-while 
compilation for the purpose for which it is intended, and that it may also be of value to the practitioner deal- 


ing with an occasional amputation, 


Donald B. Slocum, M.D. 
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New MOSBY Books 


Bateman —The Shoulder and Environs 


By James E. Bareman, M.D., F.R.C.S 


kellou 
oronto 


Surger) 


Hosfntal, 


Imerican Academy of Orthopaedic Surgeons; Orthopedic Consultant, Sunnybrook 
Department of Veterans Affairs of Canada; Consultant, Workmen's Com- 


Diplomate American Board of Orthopedic 


pensation Board of Ontario. 550 pages, 376 illustrations. Price, $16 25. 


The book includes everything from Em- 
bryology Disability as 
applied to the shoulder area. The area 
itself has been interpreted more as the 
forequarter rather than a single joint 

\ system for arriving at the diagnosis 
and a of shoulder disease 
from the standpoint of symptoms is in- 
the common disorders 
three main 


to Assessment of 


classification 
troduced so that 


may be considered under 
headings: 1) conditions producing shoul- 
der and neck pain; 2) conditions with 


shoulder pain predominating; 3) condi- 


tions with shoulder and radiating pain. 

Treatment of all disorders is presented 
in detail. It is included with signs and 
symptoms and the pathology under the 
individual lesion. So that the manage- 
ment of a given group of disorders may 
be reviewed quickly and easily, treat- 
ment summaries are presented at the 
end of the chapiers. 

Rehabilitation of the shoulder has been 
Exercise, physiotherapy, and 
therapy routines are in- 


stressed, 
occupational 
cluded. 


Scuderi — Atlas of Orthopedic Traction Procedures 


By Carto Scupers, B.S., M.D., M.S., Ph.D 
Cook County Graduate 


University of Illinois; Professor of Surgery, 


illustrations. Price, $12.50 


Gathered in this volume are the impor- 


tant features essential for successful use of 


il- 
lustrations the 
necessary features. Opposite the illustra- 
tions are given clear descriptions of the 
devices and the principles involved. 

[he purpose of this book is to fill a 
definite gap in orthopedic literature by 
photographs, line drawings and simple 
With the present 


traction procedures. The 
demonstrate 


or thopedi« 
concisely 


descriptive language 


The C. V. MOSBY COMPANY 


Order 
Form 


Gentlemen: Send me 


Attached is my check 
Bateman “The 
Environs 


Shoulder and 


Clinical Associate Professor of Surgery, 
School. 229 pages, 124 


training program in both the general 
surgical and orthopedic surgical special- 
ties, the teaching of traction procedure 
for each specific indication at times be- 
comes a Herculean task for the teacher. 
This type of book should facilitate the 
teaching of students, interns, and resi- 
dents in the fracture and straight ortho- 
pedic services. It should also be of great 
help to the nursing profession and physical 
therapists who work with these patients. 


3207 Washington Bivd., St. Louis 1, Mo. 
the book(s) checked with (X) 


Charge my account 


Scuderi “Atlas of Orthopedic 
$16.25 Traction Procedures” $12.50 
Street 


Zone 


JB&JIS-12-54 


40 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


— 
Date 
d 
Dr 
Gil State 


illustrated in color! 


an atlas of 
musculoskeletal 


exposures 


By MOSELEY, M.A., D.M., M.Ch. (Oxon.), F.R.C.S. 
(England and Canada), F.A.C.S. Hunterian Professor, 
Royal College of Surgeons of England; Assistant Professor of 
Surgery, McGill University; Associate Surgeon, Royal 
Victoria Hospital, Montreal 


NOW IN A SINGLE VOLUME— 
A comprehensive correlation of detailed anatomy and surgical exposures 


modern in its approach 


Anatomic structures are built up descriptively and pictorially layer by layer from the skeletal 
framework outward to the skin surface. Then, reversing the process, a step-by-step analysis of 
the exposure is made from skin to bone or joint—stressing the anatomic points already covered. 

The book offers head-to-toe coverage —face, upper extremity, vertebral column and lower 
extremity are all considered. Whenever possible and practical, anatomic relationships are 
illustrated in the positions in which the surgeon will see them during an operation. 


vividly illustrated 


376 beautiful full-color illustrations on 71 plates—-the majority drawn by Helen T, Mac- 
Arthur, B.A. 183 illustrations in black and white depicting aspects of the posturing and drap- 
ing of the patient. 

The diagrammatic use of color, employed for the first time in a work of this character, 
greatly augments the instructional value of the text. Many of the original sketches were made 
in the anatomy laboratory, the autopsy room and right at the operating table with the closest 
co-operation between artist and author. An extended production schedule has permitted the 
highest degree of perfection in color reproduction. 

This is a book in which great technical value and production skill have been most fortu- 


nately joined, 


183 Black and White Illustrations 


376 Illustrations in Color on 71 Plates 
226 Text Pages In Active Preparation 


East Wash: Square, Philadeiphie 5, Pa. 
J. B. LIPPINCOTT CO. fos! Weshingion ty 
Please enter my order and send me when ready: 


[ | AN ATLAS OF MUSCULOSKELETAL EXPOSURES... In active 
preparation. 
i understand | may return it within 10 days if not ¢ 


LIPPINCOTT 
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E SURGICAL TABLE 


The D V Orthopedic and Surgical Table 
offers the very best in hip nailing 
techniques. The illustration here shows 
the ideo! setup. The small X-Ray Tube 
is fastened to the table with a special 
holder for the Lateral and the portable 
unit remains in fixed position for the 
view. 


The Lateral Cassette Holder is swung 


into position for the Lateral film—and 
out of the way when not in use. 


Write for a complete catalog showing 
this and many other techniques. 


GILBERT HYDE CHICK 
COMPANY 


Main Office & Factory 
821—75th Avenue, Ockland 21, California 


The Jewett Brace... 
for HYPEREXTENSION OF THE SPINE 


COMPRESSION FRACTURES and other cases 
requiring positive hyperextension such as Osteo- 
porosis with Kyphosis, Adolescent Epiphysitis and 
Marie Struempell’s Spondylitis. 


Rigidly performs function of body hyperextension 
cast; locked on patient when adjusted to proper 
Charts and Instructions hyperextension; not removed for bathing or 
Upon Request sleeping; adjustable to physical changes, light, 
clean, sanitary, durable, conducive to physio- 

therapy and return to light duties. 


FLORIDA BRACE CORPORATION 


Box 1366, 1151 Harmon Avenue Winter Park, Florida 


Reprint, Literature, Measuring 
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Driving the Fine, Small Burs for 


CERVICAL DISCS 
Or the Larger Saws and Drills for 


HEAVY BONE SURGERY — 


You Have a Choice of Speeds 
With Full Power at All Speeds 


WHEN YOU USE 


THE MUELLER ELECTRIC 
BONE SURGERY ENGINE 


From cervical discs and other delicate aural, 
nasal and plastic procedures, to cranial surgery 
or the heaviest bone work, the Mueller Bone 
Surgery Engine operates cutting instruments with 
facile efficiency and absolute minimum effort on 
the part of the operator. There is no heavy, bulky 
device to hold or control. The dental hand piece 
on its special light cable (illustrated) is inter- 


mum versatility. Each permits instant start and 
stop control. The quiet, heavy-duty universal 
motor cannot be overloaded in normal use. 
No other modern unit so dependably lightens 
the actual labor of bone surgery. Reasonably 


changeable with the Mueller Pistol Grip Hand 
Piece on its own flexible armored cable for maxi- priced, too. 
WRITE — TODAY — FOR COMPLETE ILLUSTRATED BOOKLET 


Mueller & & 330 South Honore Street 


Chicago 12, Illinois 
Instrument Makers to the Profession Since 1895 


Where traction is indicated use... 


tractolator 
, MOTORIZED INTERMITTENT TRACTION 


*Reg. U.S. Patent #2633124—2633125 


Now the physician can administer a carefully graduated, 
smooth traction force ... precisely, automatically . . . inter- 
mittently, with maximum comfort to the patient... of greater 
traction force than ever before—vup 
to 50 Ibs. cervical, up to 100 
ibs. pelvic! 


As illustrated, TRACTOLATOR is made 
in both chair and bed models, 
latter for bed patients and h 

cases. Bed traction is used for pelvic 
traction and con be adapted for 
cervical traction by using a single 
pulley and cable with head halter 
attachments. 


Distributed Exclusively by 
LOUIS YELLIN, INC. 
Philadelphia, Pa. 
Manufactured by 


242 S. 17th $t. Phila. 3, Pa. 


TRACTOLATOR COMPANY, INC. 
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REHABILITATION: Progressive Resistance Ex- 
ercise Units; Quadriceps-Gastrocnemius-Foot- 
drop Boots; Pulley Weights; Doorway Pulley 
Assemblies; various types of Bicycle Exercisers; 
Restorator; Kanavel Table; Manuflex and Grip 
Restorer for hand therapy; Ankle Exercisers; Shoul- 
der Wheels with or without height adjustment; 
Stall Bars; Walking Parallel Bars and Exercise 
Staircases of various designs; Invalid Walkers; 
Posture Training Mirrors, single and triple; 
Sayre’s Headslings and scales to measure amount 
of traction; Flexerciser a versatile unit for active 
exercise; Gymnasium Mats in various sizes, thick- 
nesses and coverings; Crutches and Canes; Patient 
Lifter; Standing Tables and Beds; Selihelp De- 
vices; Cerebral Palsy Furniture; Speech Therapy 
Equipment. 


DIAGNOSTIC APPARATUS: Chronaximeters; 


Dynamometers; Goniometers; Oscillometers; Ther- 
mocouples and Skin Thermometers. 


ALL your needs supplied 


FOR PHYSICAL MEDICINE 


HYDROTHERAPY-ELECTROTHERAPY: 
Whirlpools for every use; Whirlpool Carriage; 
Hubbard Tanks; Paraffin Baths; Hydrocollator 
Master Units and Steam Packs; Shortwave Dia- 
thermy; Galvanic-faradic-sinusoidal Generators; 
Hanovia Ultraviolet Lamps; Heat Lamps and 
Bakers; Ultrasonic Generators; Treatment Ta- 
bles; Timers. 


Hew Ttems of Tuterest 


Literature Upon Request 
Guthrie-Smith Universal Sling Suspension 
Apparatus, Standard and Portable Models; complete 
with all springs, ropes, pulleys, slings, etc. $295.00 


Standing Table, Manually operated; movable foot- 
rest; Tilts up to 70°. Supplied with safety belts. 
Price including casters $190.00 


WRITE FOR YOUR FREE COPY OF ILLUSTRATED 
CATALOG NO. 1054 — INQUIRIES INVITED 


AND REHABILITATION 


J. A. PRESTON CORP. 


175 FIFTH AVENUE,/NEW YORK 10, N. Y. 
THORNTON PLATES FLANGED NAILS 
for 


Treatment of Fractures of the Femur and Trochanter 


by ONE reliable source 


Grooved Cannulated Solid 
Nail Wail Nail 


Price Filler Machine & Mfg. Co. 


508 Rorer Avenue, S. W. 
ROANOKE. VIRGINIA 
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Not just made... but 


IT'S KIND 


Lin_, 


TO YOUR BACK! 


Box Spring to match $59.95 
10 Year Guarantee 


ANATOMICALLY ENGINEERED T0 
GIVE FINEST EXTRA FIRM SUPPORT 


Gold Bond 


Sacro-Support 
MATTRESS 


Product of a New England manufacturer with a 
half-century skill in custom bedding, the Gold 
Bond Sacro Support is engineered for more 
healthful sleep. Heavy 13-gauge innerspring unit 
gives maximum head-to-toe support. Layers of 
pure white “Joy” cotton batting give luxurious 
surface feel. Enjoyed by thousands, the Gold 
Bond Sacro Support can be recommended for its 
beneficial design — its economical price! 
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FOR 


By working closely with the medical profession for 
over 60 years, Freeman has developed a complete 
line of surgical supports. From this line you can se- 
lect and prescribe with complete confidence in the 
suitability of each garment for its purpose, in the 
quality of its construction and in the comfort it will 


give the wearer. 

Freeman corset-type back supports are made in 
models which provide supportive and conservative 
measures in any required degree to almost complete 
immobilization. The great advantage of this type of 
garment is that it can be worn comfortably while sitting, 
standing or lying. In addition to correct design and 
fine construction, Freeman supports emhody many 
improvements, to increase comfort and convenience 


YOU CAN PRESCRIBE / 


BACK ‘SUPPORTS 


WITH CONFIDENCE 
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FOR WOMEN 


for the wearer. For example, linings and stay covers 
are cushioned for comfort. All side-laced back sup- 
ports have Freeman's exclusive self-smoothing, non- 
wrinkle fly. 

Mail coupon for details of Freeman quality fea- 
ture and free pocket-size reference catalog. 

FREEMAN MANUFACTURING COMPANY 

DEPT. 712 STURGIS, MICHIGAN 
Please send details on new Freeman features and in- 
clude free reference catalog. 
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THE UNITED LIMB AND BRACE CO., INC. 


61 HANOVER STREET BOSTON 13, MASSACHUSETTS 
Telephone: CApitel 7-2183 
Manufacturers of 


Limbs 


This shows how the 
Can Back Rubber Cushion Socket 


| conforms to the stump when the patient is sitting down 


PAT. NO. 2253040 


THE PUGH 


KEY AND GROOVE PREVENTS ROTATION. 
FRICTION RING IN TUBE FURNISHES CONSTANT TENSION, 


AN APPLIANCE DEVISED TO GIVE MORE ADEQUATE FIXATION FOR FRACTURES 
OF NECK OF THE FEMUR AND INTERTROCHANTERIC FRACTURES WITH MANY 
ADVANTAGES 


FOR ADDITIONAL 


INFORMATION 


CONTACT THE 
MANUFACTURER 


MANUFACTURED BY 


KEN STANDARD CORP. 


EVANSVILLE, INDIANA 


WILLIAMS 


LUMBO-SACRAL BRACE 


Measurements: |. Chest (about 4” below nipple line); 2. Waist (at navel 
line); 3. Pelvic (Ya distance between greater trochanter and crest of ilium); 
4. Seventh cervical spinous process to sacrococcygeal junction. 


ALL ORTHOPAEDIC APPLIANCES 
Orders filled at the request of members of the profession only 
MILLER BRACE CO. 


3902 Gaston Avenue Dallas, Texas 
For prompt service use our P.O. Box 7902 
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THE BRIGGS BANDAGE 


AFTER 10,000 CONSECUTIVE STRETCHES 
RETAINED ITS TENSION 


IT GIVES MAXIMUM SUPPORT, COMBINED WITH SOFTNESS AND 
SMOOTHNESS, AND IS HEAT RESISTANT... AT A 40% SAVING 


DIRECT FROM THE MANUFACTURER TO YOU 


Porcel Post Prepaid Anywhere in the United States 
GIANT CARTON 


YOUR PRICE 
$92.15 ($0.64) 


YOUR PRICE RETAIL 


SPECIAL CARTON 


$8.40 ($0.70 per bandage) $1.20 144—2 in 

De $7.20 ($0.90 per bandage) $1.50 $84.45 ($0.88) 

$6.60 ($1.10 per bandage) $1.80 $77.00 ($1.07) 
ASSORTMENT: 6—3 in. 2—2in. 3—4in. 1—2!/ in. $18.50 YOUR PRICE $10.90 : 


10% DISCOUNT ON ORDERS OF 5 OR MORE CARTONS 


non Company 


DIVISION OF MOORE FABRICS 


45 Washington Street + Pawtucket, Rhode Island 


IN THE HOSPITAL IN THE HOME EFFECTIVE — 
Heat in any vessel 


4, on stove M Ol ST H E AT 
EASILY APPLIED 


HYDROCOLLATOR 
PACK 


ny: Everyone agrees moist heat is most effec- 

: i tive in reducing spasm and pain. Now 
NO WRINGING - it can be easily and efficiently applied! 
™ DRIPPING Hydrocollator Steam Packs require no 
wringing, won‘t drip, are easy to pre- 


pare and handle. In use in leading hos- 
pitals and treatment centers 


WRAP IN TOWEL 
ACCEPTED BY THE COUNCIL 


ON PHYSICAL MEDICINE 
AND REHABILITATION (AMA) 


WRITE FOR DESCRIPTIVE FOLDER 
CHATTANOOGA PHARMACAL 
COMPANY, INC. 
CHATTANOOGA 5, TENNESSEE 
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INSTRUMENTS AND SPLINTS FOR 
HAND SURGERY AND TREATMENT 


Active Hand and Finger Splints 
(Cock-up, Knuckle-bender, etc.) 


Torsion Bar for supination and 
pronation of the wrist 


Tendon-Stripping Instruments 


Anvil for the small bones of 
the hand 
Gig Pull-Out Suture wit) 
attached needle for tendons 
Small Hand Drill 


for use with Kirschner wire drills 


and other special instruments 
FIR M m a re SS for bone and joint surgery 
a Write for our Catalogue 
a Made according to the exact 


requirements of the physician 
or registered orthopaedic specialist! H. WENIGER 
Designed to relieve the backache of Established 1907 
spinal or sacre-iliac — 143 Valencia St. San Francisco 3 


CHECK THESE FEATURES: _ 


v A rigid mattress and boxspring com- SURGEONS RECOMMEND 


bination requiringno interposed boards. 


Jv Hand-stitched sidewalls so firm it per- Boston Preparatory Limbs 


mits patients to get in and out of bed For conditioning of stumps, and morale building, by 
easily. pom amputee to become ambulatory at earli- 


est possible date. 

v Resilient surface — provided by curled Hospital Service 

hair — will not tend to stop circulation 

Or Cause undue pressure on nerve SUCTION 

points. SOCKET 
LIMBS 
PERMA- 

NENT 

Created by King Karpen, originator of LIMBS 
the world-famous Hollandaire mattress 


long the first choice of fine hotels. English 


CONTACT YOUR NEAREST Anne (in me 4 a Willow 


AIRELOOM DEALER OR WRITE: accordance and 
with Alcoa 


Aluminum 


Guaranteed for 15 years. 


National 


am Research 
BEDDING Council 


procedure) 


kino Ie 
b: king ARTIFICIAL LIMB CO., Inc. 
‘ t F Oldest and largest Limb Mfg. Co. in New England 
69 Canal Street Tel.: La. 83-6548 Boston, Mass. 
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BRACES 
ARTIFICIAL LIMBS 
SUPPORTS 


Made to Order 


COMPLETE LINE OF... 


Limbs (willow wood and aluminum) 
Arms (plastic, leather, aluminum) 
Corsets (custom made and stock) 
Braces (steel and aluminum) 
Elastic Stockings (made to measure and 
stock) 
Wheel Chairs, Crutches, etc. 
Forty-six years of unfailing service are your 
guarantee of careful, specialized coopera- 
tion. Nothing but the finest materials are 
used. 


THE ORTHOPEDIC APPLIANCE CO., INC. 
123 East Wells Street, Milwaukee 2, Wis. 


Certified by the American Board for Certification of 
the Prosthetic Orthopedic Appliance Industry, Inc. 


“House of Valid Ougin id 


GRUCIATE-HEAD 
PILOT-POINT 


BONE SCREWS 


PATENT NUMBER 


2,494,229 MASTERPIECE OF QUALITY 


acmekit saves time and 


Complete unit for motion 


bone plating 
and bone screw 
insertion. Contains 

necessary 

instruments 


a cm e company, 


P. 0. BOX 2279 @ GREENSBORO, N. C. 


WANTED 


Copies of 
THE JOURNAL OF 
BONE A™D JOINT SURGERY 


Issues of ... 


JANUARY 1931 
JANUARY 1937 
OCTOBER 1937 
OCTOBER 1939 
JANUARY 1940 

JANUARY, APRIL and 

OCTOBER 1944 


¢ Send any copies in good condition 
to The Journal office, 8 The Fenway, 
Boston 15, Massachusetts, and you 
will receive check promptly. 
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VERY SUCCESSFUL 


ORTHOPAEDIC CHAIR 


for the Young Child with 
Congenital Hip Disloca- 
tion or Dysplasia 


To be used 
with or with- 
out Frejka 

splint or cast. 


For use as high chair when strapped 
Onto ordinary chair, or place on 
floor, or use in the car. 


For literature and prices write to 


Orthopaedic Furniture Co. 


1955 Carl Street, $1. Paul 8, Minnesota 
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NEW STAINLESS STEEL INTRAMEDULLARY 
FEMORAL HEAD-NECK PROSTHESIS 


M-1776 * Leinbach Modification of J. Gosset Type 

* Restores normal length of femoral head and neck. Eliminates 
torsion and tipping. 

* Allows reconstruction of normal anteversion. 

* Allows distribution of pressure in a vertical plane over a Cat. No. M-1776 
large surface and weight bearing at a more vascularized —_ajj Metal Prosthesis 
part of the femur. made of SMO Steel 

* Less bone absorption. 

Indications: * Old fractures with great loss of head and 

neck. * Fresh fractures in some circumstances. * Neoplasm. 

* Old cases of Perthes Disease. * Bone absorption of the 

femoral neck. 


M-1776 © With Driver-Extractor in 
position on top of neck 


Standard Head Sizes 


43 mm.—45 mm.—47 mm.—49 mm. 
Stem length: 8°’ or 20 cm. 
Eccentric right or left stem 


upon order 
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e TECHNIQUE BULLETIN UPON REQUEST e 


AMERICAN OSSACRYL COMPANY 


15 PARK ROW, NEW YORK CITY 
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Available « 
NOW 


the Improved 
RE 
ABDUCTION PILLOW SPLINTS 


For congenital dislocation of the hip in the newborn 
and in early postnatal life. (As described by Dr. V. L. 
Hart, J. Bone and Joint Surg., Vol. 31-A, pp. 
357-372, April 1949, and J.A.M.A., August 12, 1950, 
Vol. 143, pp. 1299-1303. See also Orthopaedic 
Appliances Atlas, Vol. 1 — 1952.) 

Three Sizes: SMALL — up to 3 months; Mepium — 
3 to 6 months; Lance — over 6 months. 


One Halter 

One Pillow $7.75 
Twe Halters 

One Pillow $12.50 


Choice of colors: white, yellow, and pink. Orders 
filled immediately — shipped postpaid. 


MINNESOTA ORTHOPEDIC SERVICES 


4035 Regent Avenve North 
MINNEAPOLIS, MINNESOTA 


| swing begins at the front of 
heel approximately at the astragalo-scaphoid joint 
instead of acting merely as a metatarsal abductor. 
Pressure is distributed and applied at three points: 
1, Laterally directed pressure over the medial 
border of the first metatarsal ... A LEVER. 
2. Laterally directed pressure over the medial 
margin of the os calcis .. . A LEVER. 
3. Medially directed pressure directed opposite 
the calcaneo-cuboid joint .. . A FULCRUM. 
An elevation in the sole under the calcaneo- 
cuboid joint corrects so called “rocker foot’. 
THE TARSO PRONATOR SHOE SUPPLIED 
SINGLY... IN PAIRS . . . IN SPLIT PAIRS 
Write for descriptive folder and nearest dealer 


MAURICE J. MARKELL SHOE CO., INC. 


332 So. Broadway °* Yonkers, N. Y. 


Yow 


Doctor... 


on up-to-date techniques for detecting and treating cancer, we 


have @ @ 


@ @ @ inour professional film library, films on nearly 150 
subjects covering cancer diagnosis, detection and treatment, 


available onloan @ @ @ 


@ @ @ our monthly publication, ‘Cancer Current 
Literature,” an index to articles on neoplastic diseases from 


For information about these 
and other materials, write 
your state Division of the 


American and foreign journals, 


American Cancer Society 
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Is Your File Complete? 


Many subscribers to The Journal of Bone and Joint Surgery have their 
volumes bound each year for their reference libraries. 

Calls for back issues during recent months have depleted the 
supply of some numbers. 


If you lack certain numbers and wish to complete your file of 
The Journal, you should promptly ascertain if the missing 1tumbers 


are available. (Not all issues are available.) 


Single copies of issues 1948-1954....... 
Single copies of issues 1922-1947.. 


Caen 


Single copies of issues 1916-1921 (monthly). 50 each 
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